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Summary 
 
Cassava plays a crucial part in food-security and wellbeing of rural populations in Côte 
d’Ivoire. Despite its importance, cassava is usually grown on poor, marginal soils, because the 
best arable soils are reserved for more lucrative cash crops such as natural rubber and oil 
palm. Smallholder cassava production results generally in low productivity as a result of 
multiples constraints, posing serious challenges to food-security in rural areas.  
This PhD study was carried out in two areas with important production and consumption of 
cassava (Dabou and Bingerville) in southern Côte d’Ivoire during the 2011-2014 cropping 
seasons. The aim was to characterize cassava-based farming systems and their constraints, 
and to develop suitable strategies to sustainably increase productivity based on an Integrated 
Soil Fertility Management (ISFM) approach. 
The methodology for assessing the cassava cultivation constraints consisted of a socio-
economic and land suitability survey carried out in five selected villages for each location. 
The productivity constraints that were identified included land scarcity, low soil fertility, poor 
access to agricultural inputs (improved varieties and fertilizer) and poor education of farmers, 
putting a burden to implement agricultural innovations. However, the biggest constraint is that 
farmers harvest cassava roots prematurely, at 7 to 9 months after planting, i.e. long before the 
time that optimal yields can be reached. The reason for this is mostly an urgent need for cash 
(such as to pay school money), which leaves these smallholder farmers no other option but 
uprooting cassava to generate immediate income. Because of all these constraints, cassava 
yield in the traditional cultivation system is on average ca. 6.4 t ha-1 only, with a very low 
profitability of ca. 250 Euros ha-1, stressing the need for effective technologies to improve 
productivity. 
The actual research started with an ISFM demonstration trial at both locations, using a 
participatory rural appraisal with local stakeholders. The ISFM demonstration included use of 
improved cassava varieties (Yavo and Bocou 1 vs. a local variety, Yacé), the combination of 
legume intercrops (cowpea or groundnut) and moderate fertilizer rates (5 t ha-1 manure or 50 
kg ha-1 NPK) and the adaptation of cassava spacing (1 x 1 m vs. 2 x 0.5 m) to optimize 
legume yields. The cassava variety Yavo grown at 2 x 0.5 m spacing, combined with 
groundnut intercropping, and with manure in Dabou and with mineral fertilizer in Bingerville 
was the most effective low-input ISFM technology for improving early harvest cassava 
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production. Organic or mineral fertilizer application was essential to sustain legume yields 
and avoid cassava yield reduction with legume intercropping. Cassava yield was 15.5±3.4 and 
17.1±7.2 t ha-1 for the selected technologies, vs. ca. 9.2 t ha-1 for the control (variety Yacé, no 
inputs), in Dabou and Bingerville, respectively. Groundnut grain yield was 3.3±0.8 and 
1.9±0.2 t ha-1 for the same ISFM technologies, in Dabou and Bingerville, respectively. The 
improved cassava varieties used in the ISFM system were resistant to cassava mosaic disease, 
and the ISFM treatments did not degrade cassava quality. Farmers did not continue groundnut 
intercropping mainly because of animal pests, and cowpea was instead selected for its grain 
and residue biomass production. Farmers’ choice included cassava variety Yavo for its early 
maturing trait and also the late maturing variety Bocou 1 for its vigorous growth with good 
ability to shade-out weeds.  
Following this, a mono-varietal ISFM system including one cassava variety (Yavo or 
Bocou 1) and a mixed-varietal ISFM system including both varieties, combined with cowpea 
intercropping and moderate manure (5 t ha-1) and NPK fertilizer (100 kg ha-1) rates, were 
tested along with traditional cultivation systems in multilocation trials. Cassava yields in the 
ISFM system tripled from ca. 5 t ha-1 for the traditional cropping system to ca. 15 t ha-1. The 
ISFM system increased total profitability from ca. 200 to ca. 2500 Euro ha-1; with on average 
66% of this total generated by cowpea. The effectiveness of the ISFM technology did vary 
between fields due to differences in soil fertility and weeding intensity. Full potential of ISFM 
system to sustain cassava yields was not achieved, because of nutrient competition from 
weeds and microbial N-immobilization and N-remineralization after legume residues 
incorporation during the growth and further by premature harvest of roots. This suggests the 
needs for site-specific measures, in addition to intensive weeding and better synchronization 
of cassava planting, with legume sowing and legume residue application.  
Overall, the tested ISFM systems were proven to be an effective strategy that builds upon 
socio-economic, ecological and genetic intensification of cassava on poor soils, contributing 
to food-security and alleviation of poverty in southern Côte d’Ivoire. 
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Samenvatting 
 
Maniok speelt een cruciale rol in de voedselzekerheid en het welzijn van de 
plattelandsbevolking van Ivoorkust. Ondanks dit belang, wordt maniok meestal geteeld op 
arme, marginale bodems. De beste landbouwgronden worden gereserveerd voor meer 
lucratieve marktgewassen zoals rubber en palmolie. Kleinschalige maniokproductie resulteert 
gewoonlijk in lage opbrengsten als gevolg van meerdere beperkingen, die ernstige 
uitdagingen voor de voedselzekerheid met zich meebrengen. 
De methodiek voor het beoordelen van de beperkingen van de maniokteelt bestond uit een 
sociaaleconomisch- en bodemgeschiktheidsonderzoek, in vijf geselecteerde dorpen in elke 
locatie. De productiviteitsbeperkingen die werden geïdentificeerd omvatten: landschaarste, 
lage bodemvruchtbaarheid, slechte toegang tot landbouwproductiemiddelen (verbeterde 
rassen en meststof) en een onvoldoende opleiding van de boeren. Dit laatste vermoeilijkt het 
implementeren van agrarische innovaties. Maar de grootste beperking blijft dat de boeren de 
maniokwortels voortijdig oogsten (7 tot 9 maanden na het planten), lang voor het moment 
waarop optimale opbrengsten kunnen worden bereikt. De reden hiervoor is vooral de 
dringende behoefte aan contant geld (bv. om schoolgeld te betalen), wat deze kleinschalige 
boeren geen andere keuze laat dan het ontwortelen van de maniok om onmiddellijke inkomst 
aan geld te genereren. Door al deze beperkingen, is de maniokopbrengst in dit traditionele 
teeltsysteem gemiddeld slechts ca. 6.4 t ha-1, met een zeer lage rentabiliteit van ca. 250 Euro 
ha-1, wat de noodzaak voor effectieve en lage-input technologieën, voor een verbeterde 
productiviteit, benadrukt. 
De methodiek voor het beoordelen van de beperkingen van de maniokteelt bestond uit een 
sociaaleconomisch- en bodemgeschiktheidsonderzoek, in vijf geselecteerde dorpen in elke 
locatie. De productiviteitsbeperkingen die werden geïdentificeerd omvatten: landschaarste, 
lage bodemvruchtbaarheid, slechte toegang tot landbouwproductiemiddelen (verbeterde 
rassen en meststof) en een onvoldoende opleiding van de boeren. Dit laatste vermoeilijkt het 
implementeren van agrarische innovaties. Maar de grootste beperking blijft dat de boeren de 
maniokwortels voortijdig oogsten (7 tot 9 maanden na het planten), lang voor het moment 
waarop optimale opbrengsten kunnen worden bereikt. De reden hiervoor is vooral de 
dringende behoefte aan contant geld (bv. om schoolgeld te betalen), wat deze kleinschalige 
boeren geen andere keuze laat dan het ontwortelen van de maniok om onmiddellijke inkomst
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 aan geld te genereren. Door al deze beperkingen, is de maniokopbrengst in dit traditionele 
teeltsysteem gemiddeld slechts ca. 6.4 t ha-1, met een zeer lage rentabiliteit van ca. 250 Euro 
ha-1, wat de noodzaak voor effectieve en lage-input technologieën, voor een verbeterde 
productiviteit, benadrukt. 
Het eigenlijke onderzoek begon met een ISFM demonstratieproef in beide locaties en met 
behulp van een participatieve evaluatie met lokale stakeholders. De ISFM demonstratie 
omvatte het gebruik van verbeterde maniokrassen (Yavo en Bocou 1 vs. een lokale variant, 
Yacé), de combinatie van peulvruchten als tussengewas (Niébé of aardnoten) en matige 
meststoftoediening (5 t ha-1 kippenmest of 50 kg ha-1 NPK) en de aanpassing van de maniok 
plantafstand (1 x 1 m vs. 2 x 0,5m) om opbrengsten van peulvruchten te optimaliseren. De 
maniokvariëteit Yavo, geteeld op 2 x 0,5 m onderlinge afstand, gecombineerd met aardnoten 
als tussengewas, en met mest in Dabou en met minerale meststoffen in Bingerville, was de 
meest effectieve, weinig productiemiddelen vergende, ISFM technologie voor het verbeteren 
van de maniokproductie en rentabiliteit. 
Toediening van organische of minerale bemesting was essentieel om de opbrengsten van 
peulvruchten te garanderen en om een reductie van de maniokopbrengst te voorkomen bij het 
telen van peulvruchten als tussen gewas. De maniokopbrengst was 15,5 ± 3,4 t ha-1 en 17,1 ± 
7,2 t ha-1 voor de geselecteerde technologieën, vs. ca. 9.2 t ha-1 voor de controle (variëteit 
Yacé, geen input), in Dabou en Bingerville, respectievelijk. De opbrengst van aardnoten was 
3,3 ± 0,8 t ha-1 en 1,9 ± 0,2 t ha-1 voor dezelfde ISFM technologieën, in Dabou en Bingerville, 
respectievelijk. De verbeterde maniokrassen die gebruikt werden in het ISFM systeem, waren 
resistent tegen de maniok mozaïekziekte en de ISFM behandelingen verminderden de 
kwaliteit van de maniok niet. De boeren verkozen een tussenbouw met aardnoten niet, vooral 
omwille van ongedierteplagen. Niebé werd in plaats daarvan geselecteerd, voor zijn goede 
graan- en biomassaproductie. De keuze van de boeren ging naar de variëteit Yavo, omwille 
van zijn vroege rijpingseigenschap en ook naar de variëteit Bocou 1, maar dan omwille van 
het laat afrijpen, zijn krachtige groei en goed vermogen om onkruid in te onderdrukken.  
Naar aanleiding hiervan, werd een mono-rassen ISFM systeem, inclusief één maniok variëteit 
(Yavo of Bocou1) en een gemengd-rassen ISFM systeem, inclusief beide variëteiten, 
gecombineerd met Niebé als tussengewas en gematigde kippenmest (5 t ha-1) en NPK 
meststof (100 kg ha-1) toediening, getest. Dit werd vergeleken met het traditionele 
teeltsysteem in proeven op meerdere locaties met in totaal 20 boeren. De maniokopbrengsten 
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in het ISFM systeem verdrievoudigden van ca. 5 t ha-1 voor het traditionele teeltsysteem tot 
ca. 15 t ha-1. Het ISFM systeem verhoogde de totale de rentabiliteit van ca. 200 tot ca. 2500 
Euro ha-1; met gemiddeld 66% van dit totaal, gegenereerd door Niebé. De effectiviteit van de 
ISFM technologie varieerde tussen de verschillende velden als gevolg van verschillen in 
bodemvruchtbaarheid en de intensiteit van het wieden. Het volledige potentieel van het ISFM 
systeem om maniokopbrengsten te ondersteunen, werd niet bereikt, als gevolg van 
concurrentie met onkruid, microbiële N-immobilisatie na incorporatie van peulvruchtresiduen 
tijdens de groei en verder door vroegtijdige oogst van de maniokwortels. Dit wijst op de 
noodzaak van locatie-specifieke maatregelen, in aanvulling op intensief wieden en een betere 
synchronisatie van het planten van maniok, met het zaaien van peulvruchten en applicatie van 
peulvruchtenresidu. Algemeen, bewezen de onderzochte ISFM systemen een effectieve 
strategie te zijn, die voortbouwt op de sociaaleconomische, ecologische en genetische 
intensivering van maniok op arme gronden, en kan bijdragen tot voedselzekerheid en 
armoedebestrijding in het zuiden van Ivoorkust. 
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Chapter 1 
General introduction 
 
1.1 Challenges and prospects of food security in Africa 
The global population has significantly increased in recent decades and is predicted to scale 
up from 6.9 billion in 2010 to a peak of 9.6 billion by 2050, with most of the growth expected 
in Africa (UN, 2011). This human population growth has consequences for the natural 
resources base and there are increasing challenges of food security worldwide (IFPRI, 2013). 
This problem is especially pronounced in Africa, where over half of the population is 
employed in subsistence agriculture and paradoxically with a large number of people 
suffering from food insecurity and poverty (Christopher et al., 2002; IFPRI, 2014). This 
contrasting situation is a consequence of low agricultural productivity as a result of various 
biophysical (e.g. poor soil fertility, high pressure from pests and diseases, erratic and 
changing patterns of precipitation or/and temperature) and socio-economic constraints (e.g. 
poor access to fertilizer inputs, lack of institutional support, weak agricultural extension and 
technologies) resulting in large yield gaps (Chianu et al., 2012) (i.e. the difference between 
the actual yields obtained by farmers and the potential crop yields,  Fermont et al., 2009). 
In sub-Saharan Africa most of the agricultural production is ensured by smallholder farmers 
with poor resource endowments, which account for ca. 80% of all farms (Zingore, 1995; 
IFPRI, 2014). The limited resources impede farmers to invest in soils to boost productivity 
(Zingore et al., 2007). Hence, the fertilizer input needed to counteract the inherent low soil 
fertility and to improve productivity is often not applied in subsistence farming due to 
problems of availability and affordability (Giller et al., 1998; Akanza et al., 2003). When 
fertilizer is applied to improve soil fertility, this is often at rates that only generate short-term 
productivity increases without addressing a long-term soil nutrient depletion (Barrett and 
Bevis, 2015). In addition to very small supply (on average 6-7 kg NPK ha-1 in sub-Saharan 
Africa (Reij and smaling, 2008), this mineral fertilizer is essentially composed of 
macronutrients (N, P and K) and thus fails to address the deficiencies in secondary nutrients 
and micronutrients of the soils (Moris et al., 2007). Furthermore, the natural long fallow 
methods widely used to restore soil fertility can often no longer be applied due to rapid 
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population growth that resulted in a strong land pressure and consistent reduction of the 
fallow periods (Sanchez et al., 2005). 
In West Africa, as in many other regions of sub-Saharan Africa, the intensification of 
agriculture and repeated cultivation on inherent poor and highly weathered soils without 
fertilizer amendments has resulted in soil nutrient and organic matter depletion, decreased soil 
biodiversity and widespread soil fertility decline (Stoorvogel et al., 1993; Bationo et al., 1998; 
World Bank, 1997). The current nutrient depletion from 200 million hectares of cultivated 
land in Africa was estimated to amount to 660 kg N ha-1, 75 kg P ha-1 and 450 kg K ha-1 on 
average over the past 50 years (Smaling et al., 1993). Accordingly, soil fertility decline has 
emerged as a main cause of the declining per capita food production in sub-Saharan Africa 
(Sanchez et al., 1997). In this context, attempts to optimize agricultural production need to 
emphasize organic matter buildup and nutrients (e.g. N, P, K, Mg, micro-nutrient) 
recapitalization of cultivated land for improving soil fertility and health and finally crop 
productivity. Soil fertility is the capacity to retain, cycle and supply the essential nutrients for 
plant growth over many years, and soil health refers to the capacity of supporting other 
ecosystem services such as soil biodiversity on a sustained basis (Chianu et al., 2012). The 
latter enhances the structure of soils, and increases water and nutrient availability for crops 
(Wall et al., 2015). 
In addition to soil constraints, the agricultural production in sub-Saharan Africa is 
predominantly rainfed, thus prone to the variability of seasonal precipitation and temperature 
resulting from climate change and hampered by the lack of efficient water management 
(AGRA, 2014). Hence, climate variability is a key factor in the low agricultural productivity 
in sub-Saharan Africa and accounts for a third of yield variability globally (Ray et al., 2015). 
Besides climatic stresses, agricultural production is further hampered by the scarcity of 
improved (high yielding, drought and disease resistant) crop genotypes and lack of effective 
agronomic technologies that enhance resilience to biotic and abiotic stress. In general, most 
traditional crop genotypes (landraces, no formal improvement) have a low yield potential, low 
nutrient and water use efficiencies and are susceptible to pests and diseases.  
The problems depicted above are also typical for Côte d’Ivoire, where effective but affordable 
technologies are required to enhance productivity of smallholder production systems in order 
to ensure food security and alleviate poverty. Because of the limited resources, the 
optimization of nutrient inputs should be done at minimum costs, i.e. by using cheap soil 
fertility and crop management practices (e.g. rotation or intercropping with N-fixing legumes, 
General introduction 
3 
 
application of crop residues and organic manure) (Endris and Dawid, 2015). Sustainable 
agricultural production in sub-Saharan Africa needs also to capitalize on high yielding crops 
with the ability to adapt to marginal environment such as cassava. A way forward for 
achieving sustainable and climate-smart agriculture is integrated soil fertility management 
(ISFM) (Vanlauwe, 2010, Pypers et al. 2011, 2012) (see further). The ISFM approach has a 
potential for increasing crop productivity and reducing the negative agricultural externalities 
on ecosystem services through targeted application of the scarce external inputs (i.e. fertilizer, 
organic matter and improved genotypes), hence maximizing the agronomic use efficiency of 
nutrients by crops (Vanlauwe et al., 2015). 
 
1.2 Sustainable and climate-smart agriculture 
Sustainable agriculture is defined as “producing more outputs from the same area of land, 
while reducing the negative environmental impacts and at the same time increasing 
contributions to natural capital and the flow of environmental services” (Royal society, 2009; 
Godfray et al., 2010). Whereas climate-smart agriculture denotes “sustainably increasing 
agricultural productivity to support increases in farm incomes, food security and development, 
adapting and building resilience of agricultural systems to climate change, and reducing or 
removing greenhouse gas emission” (FAO, 2016). These integrative approaches point not to a 
single option, but realistic pathways for improving crop productivity with minimal 
environmental side-effects. The technical options underlying this concept include, among 
others, integrated soil fertility management (ISFM), integrated pest management, agro-
ecology, agro-forestry and conservation agriculture (IFPRI, 2013).  
Measures for increasing agricultural sustainability comprise utilization of crop varieties with 
high productivity, minimized use of external inputs to avoid adverse environmental impacts 
(e.g. water pollution, greenhouse gas emission, reduction of biodiversity, etc.), thereby 
harnessing agro-ecological processes such as nutrient cycling, biological N-fixation, 
allelopathy, predation and parasitism, and building social and human capital in strengthening 
the knowledge and capacity to adapt and innovate (Pretty et al. 2011). These respective 
measures refer to genetic, ecologic and socio-economic intensification (The Montpelier panel, 
2013) (Figure 1.1). Rather than reviewing the basic concepts of sustainable agriculture, here 
we provide detail on the principles of the ISFM concept, which is at the center of this PhD. 
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Figure 1.1 Theoretical model of sustainable agricultural intensification (adapted from The 
Montpelier panel, 2013) 
1.3 Integrated Soil Fertility Management 
1.3.1 Definition and principles 
ISFM is defined as “a set of soil management practices that necessarily include the use of 
fertilizer, organic inputs, and improved germplasms combined with the knowledge on how to 
adapt these practices to local conditions, aiming at optimizing agronomic use efficiency of the 
applied nutrients and improving crop productivity; all inputs need to be managed following 
sound agronomic and economic principles” (Vanlauwe et al., 2011). The goal of ISFM is to 
enhance agricultural productivity through the integration of 4 pillars: 1) use of improved (e.g. 
high yielding drought and disease resistant) germplasms, 2) application of organic matter (e.g. 
manure or N-rich legume residues), 3) addition of mineral fertilizer, and 4) adaptation to local 
conditions (Pypers et al., 2012). The approach is a means to maximize the agronomic use 
efficiency (AE) of the scarce external nutrients inputs (i.e. incremental yield to applied 
inputs), through combination of nutrient resources and improved germplasms with site-
specific adaptations (see further).  
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A conceptual framework on agronomic efficiency of fertilizers as a function of the 
implementation of different ISFM components for responsive and less responsive soils is 
shown in Figure 1.2. 
 
Figure 1.2 Conceptual relationships between the agronomic efficiency (AE) of fertilizers and organic 
resource and the implementation of various components of ISFM, culminating in complete ISFM 
towards the right side of the graph. Path A indicates anticipated increases in AE when fertilizer is 
applied using appropriate agronomic practices in combination with adapted germplasm. Paths B and C 
refer to the need for addressing non-responsiveness (C) before increases in AE can be expected on 
non-responsive soils (adapted from Vanlauwe et al., 2011) 
 
The assumption is that application of fertilizer to improved germplasms on responsive soils 
will boost crop yield and enhance agronomic efficiency relative to current farmer practices 
(Path A, Figure 1.2). Responsive soils are soils that respond markedly to fertilizer inputs, 
whereas non-responsive soils show little or no response to standard fertilizer inputs that is 
often composed of N, P, and/or K, due to other constraints which cannot be alleviated by the 
applied fertilizer dose. Two categories of such non-responsive soils are defined: soils in which 
Responsive soils
Poor, less-responsive soils
Move towards ‘complete ISFM’
‘Complete ISFM’
Current practice Germplasm & fertilizer Germplasm & fertilizer Germplasm & fertilizer      
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low crop yields are observed and where crops respond poorly to fertilizers, and soils with high 
level of fertility and crops do not respond to nutrient application or soil amendments 
(Kurwakumire et al., 2014). The non-responsiveness of agricultural soils can be related to a 
set of constraints such as soil acidification, low water holding capacity, low nutrient retention 
capacity, micronutrient (Zn, Cu and B) deficiency, and soil-borne pests and diseases 
(Vanlauwe et al., 2015; Kihara et al., 2016; Nziguheba et al., 2009). Moreover, fertilizer is 
often not targeted to specific crop, soil and agro-ecological conditions (e.g. drought and heat 
stress) (Giller et al., 2011). Despite the fact that these two categories of soil are impending 
within smallholders’ farms, there is currently no information on their occurrence, extent and 
distribution (Kihara et al., 2016). The performance of ISFM technology to boost cassava 
productivity and bridge the yield gaps has been demonstrated in the literature (e.g. Pypers et 
al., 2011 and 2012; Walangululu et al., 2011). The aforementioned ISFM interventions were 
limited to some regions of DRCongo, and not targeted towards different agro-ecological 
conditions. However, the variability of agro-ecological conditions (e.g. soil fertility, 
precipitation and temperature) and even management can affect the agronomic efficiency of 
the ISFM system and induce different yield responses (Vanlauwe et al., 2015). 
 
1.3.2 Importance of ISFM components for sustainable agricultural intensification 
1.3.2.1 Improved germplasm 
Implementation of improved (i.e. drought and disease resistant) crop varieties is an important 
step towards sustainable agricultural intensification (The Montpelier panel, 2013). The 
traditional varieties often fail to produce optimal yields under conditions of drought and poor 
soil fertility due to the low efficiency of converting nutrients and water into yield (Vanlauwe 
et al., 2015). In contrast, the improved varieties are drought or/and disease resistant, with high 
yield potential that allow increased agricultural productivity. They improve the agronomic use 
efficiency of nutrients and water through increased responsiveness, and reduce the nutrient 
competition with weeds (Vanlauwe et al., 2001). Furthermore, the improved varieties enhance 
resilience to biotic stress and benefit to reduction in the use of pesticides, hence avoiding 
environmental side-effects (water pollution and biodiversity disappearance). 
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1.3.2.2 Legume intercropping and rotation 
The recycling of nutrients within agro-ecosystems, particularly of N is an important 
component for sustainable agricultural production in a smallholder context. In sub-Saharan 
Africa, the integration of grain legumes into farming systems offers multiple advantages such 
as provision of food and generation of incomes (Trawali et al., 2002). Legume grains and 
leaves are valuable sources of protein in both human consumption and animal diets. Another 
asset of legumes in farming systems is their ability to fix atmospheric N2 (BNF) through 
rhizobial symbiosis. The BNF process is viewed as a renewable source of N to increase the 
soil N-pool and produce N-rich biomass (Crew and peoples, 2004; Odendo et al., 2011). 
Intercropping or rotation with legumes thus increases N inputs within the agricultural systems 
hence is an alternative strategy for addressing the low soil fertility and enhancing productivity 
(Sarr et al., 2013). Furthermore, the application of the N-rich legume residues improves the 
soil organic matter status, improving in turn soil biological and physical properties such as 
aggregate stability and water holding capacity (Kloepper et al., 1992; Bationo et al., 2011). 
Additional benefits of legume relate to their effects on weed suppression and pest control, 
which offer the possibility to reduce the application of pesticides that impact the environment 
(Caamal-Maldanado et al., 2001). The ability of legumes to combat weeds is related to a delay 
in weed emergence through competition for plant nutrients, shading effects and release of 
allelopathic substances (Liebman and Sundberg, 2006; Hatfield et al., 1998; Dyck and 
Liebman, 1994). Hence, weeds often compete with legumes for nutrients and light in the agro-
ecosystems, which may lead to marginal or no yields without intensive or timely weeding 
(Avola et al., 2008). Legume intercropping was shown to reduce the population of whitefly 
vector and incidence of cassava mosaic disease (Uzokwe et al., 2013). At a plot scale, 
intercropping with legumes may trigger unfavorable conditions (e.g. via allelopathic 
compounds biosynthesis) and be repellent to pests/ pathogens (e.g. whitefly), keeping the 
prevalence of cassava diseases low (Ibeawuchi et al., 2007). This ability of a legume to reduce 
whitefly populations and other pest pressures was related to the type and genetic makeup of 
the legume (Spittel and Van Huis, 2000). 
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1.3.2.3 Legume and fertilizer combination 
Legumes contribute to N supply of agricultural systems through biological N-fixation (BNF). 
This N contribution from legumes residues often cannot fully compensate for the nutrient 
removal by agricultural production, because of the low release of nutrients from soil natural 
reserve through biological and chemical processes. It is unanimously agreed that legume 
intercropping alone cannot address cassava nutrient requirements and deficiencies of 
micronutrients (Zn, Cu and B) and other nutrients can become a limiting factor to productivity 
without external inputs, mostly K, which is required in large amount for the synthesis and 
translocation of carbohydrates in the storage roots. It is also prominent for regulating the 
balance between assimilation and respiration that improves net assimilation (Imas and John, 
2013). Adequate supply of K was also reported to increase the resistance of the plant to 
anthracnose (IFA, 1992). According to Howeler (1996), K-deficient plants may show severe 
symptoms (e.g. short and highly branched plants with prostrate growth habits, small and 
chlorotic upper leaves or yellow lower leaves  with black spots and boarder necrosis). 
Furthermore, inadequate supply of N often results in increases of the cyanogenic glycoside 
contents of the root, and a suitable balance between N, P and K was shown to reduce the 
qualitative drawbacks associated with abundant N supply (Jansson, 1980). Hence, the 
application of external nutrients through organic or mineral fertilizer is often required to 
satisfy crop requirements. In addition, legume BNF is dependent on soil pH, moisture content, 
temperature and availability of nutrients (e.g. P, B and Mo) within the agricultural systems 
(Mohamadi et al., 2012). For instance, phosphorus deficiency was shown to reduce the BNF, 
and the external application of P-fertilizer was needed for optimization of the process (Nkaa 
et al., 2014). Furthermore, application of organic or mineral fertilizers has constraints related 
to agricultural sustainability. Organic inputs are known to be relatively low in nutrients and 
these nutrients are sometimes released very slowly. N mineralization from solid poultry 
manure was reported to amount to 50% during the first year and 15% in the second year 
following application (Van Kessel and Reeves, 2002).The rate of nutrient release from 
manure depends on processes affecting organic matter decomposition that is mainly 
controlled by fungi and bacteria (Scow, 1997). Organic matter mineralization is affected by 
many factors, including carbon to nitrogen ratio (C/N), stability of C and N, environmental 
factors (e.g. soil texture, soil temperature, moisture content and aeration), and various other 
factors affecting microbial activity (e.g. soil pH, soluble salt and heavy metal contents) as was 
reported by Sims (1995). Comparatively, mineral fertilizers are a source of readily available 
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nutrients, but are an expensive commodity (Palm et al., 1997). However, high N application 
rates can affect plant residue mineralization because microbial activity is often limited by N 
(Mc Carty and Meisinger, 1997). Hence, often the isolated application of either of these inputs 
may not result in economically and ecologically acceptable yield increments. Therefore, the 
combination of organic resources (e.g. N-rich legumes, manure) and mineral fertilizer is often 
advocated for sustainable intensification of smallholder farming systems in sub-Saharan 
Africa because of their long-term beneficial interactive effects on crop productivity 
(Vanlauwe et al., 2001). Organic resources can directly increase the AE of fertilizer derived 
nutrients through mineralization and supply of limiting nutrients (e.g. secondary nutrients, 
micronutrients), and indirectly by increasing soil CEC, moisture content, biological activities, 
and alleviating soil acidity that improves nutrient availability (e.g. P, Ca and Mg) and uptake 
by crops and reduce Al and Mn toxicity (Vanlauwe et al., 2014). 
 
1.3.2.4 Local adaptation of ISFM  
The adaptation to the local conditions is fundamental to the ISFM approach given the possible 
variability in soil fertility status (e.g. pH, moisture and nutrient availability) within and 
between agro-ecological zones, with potential impacts on nutrient use efficiency (Pypers et 
al., 2012). Success of ISFM is often much larger in responsive than in less-responsive soils 
(Vanlauwe et al., 2014), suggesting that blanket recommendations are not advisable. Hence, 
local adaptation is required. In Côte d’Ivoire, the geological setting includes a diversity of 
soils (see further 1.5.2). Although these soils are different, they are commonly associated with 
low pH, CEC and organic matter contents (Ettien et al., 2016). The smallholder farmers 
cultivate cassava continuously not on preferable soils, but mostly on soils that are perceived 
as marginal and unsuitable for cash crops. Strong soil acidity (pH < 5), more than affecting 
most of the biological processes (e.g. nitrification) and reducing CEC and nutrient 
availability, increases the level of exchangeable aluminum (Al) leading to problem of toxicity 
(Crawford et al., 2008). Hence, local adaptation of ISFM could imply application of lime and 
organic matter to address soil acidity (Cong and Merkx, 2005). Application of lime may 
further improve nutrient availability and AE through improved nitrification and reduction of P 
adsorption (Uchida et al., 2000). Furthermore, deficiencies of secondary nutrients (e.g. Mg, 
Ca and Na) and/or micro-nutrients (e.g. B, Mo and Cu) in soils become factors constraining 
agricultural productivity under repeated cropping and that limit response to NPK fertilizer 
(Vanlauwe et al., 2014). Hence, high-quality (animal or farmyard) manure and multi-nutrient 
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fertilizers are required to supply limiting nutrients and sustain improved yield (Vanlauwe et 
al., 2015). Adaptation of ISFM could further relate to agronomic practices (Vanlauwe et al., 
2014), including crop management (e.g. cropping arrangement, varieties with high water and 
nutrient AE, weeding), water harvesting techniques under conditions of erratic rainfall (e.g. 
dry savannah zones in Middle and Northern regions), application of appropriate fertilizer at 
right rate and time and erosion control measures on hillsides. Finally, local adaptation refers 
to social capital (e.g. resource endowment, knowledge), decision in resource allocation and 
production objectives of farmers (Vanlauwe et al., 2014). 
 
1.4 Significance, distribution and morphology of cassava  
1.4.1 Socio-economic and agronomic significance 
Cassava ranks sixth as major food crop in terms of global production (Reilly et al., 2007). The 
world production of cassava is currently estimated at 276 million tons, with over half of the 
total produced in Africa (FAO, 2015). It is the third largest source of carbohydrates and a 
staple food for many millions of people in tropical and subtropical regions (Legg and Fauquet, 
2004), and an important cash crop for low-income, smallholder farmers in Africa (Rosenthal 
and Ort, 2012). In sub-Saharan Africa, cassava is mainly produced for human consumption 
and animal feed. The starchy roots offer various alternative uses: fresh or dried for sweet 
cultivars (low in cyanogenic glycosides) or processed for the bitter cultivars (high in 
cyanogenic glycosides) (Westby, 2002). In Côte d’Ivoire, it is ranked second as food crop 
after yam (Dioscorea sp.), with an annual production of 2.5 million tons (FAO, 2015). The 
most important food derived from the processed cassava roots is called Attiéké (cassava 
couscous), which is largely consumed in the southern regions, but also exported to foreign 
markets. In addition, cassava leaves are rich in proteins, vitamins and essential minerals and 
are consumed in many communities, mostly in the western part of the country (Toualy et al., 
2015). Cassava is moving towards industrial raw materials for starch, food and feed 
production (Moorthy, 2004; Thresh, 2006). One of the important agro- industrial companies 
in Côte d’Ivoire, Nestlé, processes a large quantity of locally produced cassava for starch, 
adjuvant and flour production. 
The cultivation of cassava has received much attention from the research community in 
Africa, Asia and Latin America due to its yield potential over that of cereals and its ability to 
adapt and yield reasonably even in stressful environments (e.g. poor soils, drought, flood, 
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pests and diseases), where the other crops are failing to produce (Howeler, 1991; Fasinmirin 
et al., 2011). According to the Food and Agriculture Organization of the United Nations 
(FAO, 2013), world’s cassava production, harvest area and average yield have increased 
markedly between 1980 and 2011, mostly in sub-Saharan Africa compared to Asia and Latin 
America (Figure 1.3). However, this strong growth of production was mainly due to increases 
in the harvested area of some 3.7 million hectares and, to a lesser extent, to yield increases 
(Figure 1.4). This output growth by ca. 50% was driven by expanding urban markets for 
cassava food products. Current average yields of cassava are still far lower than cassava’s 
potential. Cassava yields can reach up to 80 tons per ha under optimal conditions, compared 
to the current world average yield of 12.8 tons (FAO, 2013).  
Furthermore, the cassava storage roots, unlike other tuber crop, can be left in the ground for 
extended periods of up to two years; and for most of the genotypes the harvest can occur 
between 6 and 24 months after planting (MAP) (El-Shakry, 1993). This particular trait of the 
crop is valued for food security and famine alleviation in sub-Saharan Africa. 
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1.4.2 Origin, distribution and morphogenetic characteristics 
Cassava (Manihot esculenta Crantz) is a perennial woody shrub (1 to 5 m height) of the family 
Euphorbiaceae and the genus Manihot, with ca. 100 distinct species. The crop is grown 
throughout tropical and subtropical regions and found over a wide range of climatic conditions 
between 30°N and S latitude and from sea level to 2300 m altitude (Akinpelu et al., 2011). The 
botanical origin of cassava is controversial, but the geographical origin is in Latin America 
considered as the center of diversification of the plant (Smith, 1963). Cassava was spread from 
the ‘new world’ and expanded to other regions through European explorers. It was introduced 
to Africa from the western coast by Portuguese navigators in the sixteenth century and later in 
Asia (Okogbenin et al., 2006). 
In Côte d’Ivoire, cassava cultivation is widespread in all agro-ecological zones, expanding from 
the humid forest in the South to reduced rainfall savannah in the North (N’zué et al., 2014). 
However, the optimal growth condition is a warm and moist climate with temperature ranging 
from 25 to 29°C, a well distributed annual rainfall of between 1100 and 2000 mm and a well-
drained soil (Sarr et al., 2013). The commercially cultivated cassava counts a large number of 
varieties, with variable morphogenetic characteristics. The underground system of the plant 
consists of fibrous roots (ensuring the function of nutrition) and tuberous roots (ensuring the 
storage of carbohydrates).The stem is made up of alternating nodes and internodes. Leaves are 
simple or lobbed and alternated on the stem. The inflorescence gives a fruit in the form of a 
capsule (see detailed description in Alves, 2002). The morphological characteristics of the plant 
are shown in Figure 1.5. The variability of the morphogenetic characteristics is routinely used 
as valuable descriptors in the selection of cultivars. Among others, the varietal characteristics 
include storage roots size and color, stem color, branching habit, leaves structure and color 
(Ntawuruhunga and Dixon, 2010). Other desired varietal traits include the length of the 
cropping cycle (e.g. early or late maturing ability), the resistance to drought, pests and diseases 
and the facility of cooking or processing. Cassava is further categorized as sweet or bitter 
cultivars, depending upon the cyanide glycosides content, which is influenced by the intrinsic 
characteristics and the environmental conditions. Bitter cultivars have cyanide glycosides 
contents of more than 100 cmol kg-1 (Wilson and Dufour, 2002), and hence necessitate 
fermentation and processing for the use as food. 
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Figure 1.5 Morphological characteristics showing (A) the underground and (B) aboveground parts of a 
cassava plant  
In Côte d’Ivoire, cassava is produced in extensive cultivation systems using traditional varieties 
(i.e. landraces with no formal improvement), with a yield potential of less than 30 t ha-1 and 
with high susceptibility to drought, disease and pest pressures (N’zué et al., 2014). However, 
the widely spreading of cassava cultivation in areas with erratic rainfall (e.g. dry savannah) and 
limited uses of agro-inputs (e.g. crop protection products, fertilizers and irrigation) will require 
advanced cassava genotypes that are more productive, use nutrients and water more efficiently, 
and are more tolerant to drought, pests and diseases. The prevalent cassava diseases are cassava 
mosaic disease (CMD), cassava anthracnose disease (CAD) and cassava bacterial blight (CBB) 
(Koné et al., 2015; Nweke et al., 2000). CMD is caused by the whitefly-transmitted 
begomoviruses (Geminiviridae), which include the Africa cassava mosaic virus (ACMV) and 
east Africa cassava mosaic virus (EACMV) and Uganda mutant (EACMV-UG). CAD is a 
fungal infection caused by Colletotrichum gloesporioides f. sp. manihotis (Glomerellaceae), 
which can be transmitted through breeder seeds and post-harvest crop residues (Fokounang et 
al., 1997). CBB is caused by Xanthomonas axonopodis pv. Manihotis (Xanthomonadaceae). 
The infection can spread to new field in infected planting cuttings and seeds (Wonni et al., 
2015), and within the crop through rain splash and animal movements. The important insect 
pests include whitefly (Bemisia tabaci, Aleyrodidea), cassava green mite (Mononychellus 
tanojoa, Tetranychidae), cassava mealybug (Phenacoccus manihoti, Pseudococcidae), and 
termites (Nweke et al., 2000; Herren and Neuenschwander, 1991). 
A B 
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Attempts to control cassava diseases and pests in sub-Saharan Africa were mostly geared 
towards the selection of cassava landraces with greater tolerance to biotic and abiotic stresses, 
and a range of non-chemical measures and ecosystem-based practices (e.g. fallow rotation, crop 
rotation and intercropping) to reduce losses (FAO, 2013; El-Sharkawy, 1993). Cassava 
breeding efforts have been deployed in the recent decades by the International Institute of 
Tropical Agriculture (IITA) and some other research centers to develop advance cassava 
genotypes. The distribution of higher-yielding varieties with resistance or tolerance to biotic 
and abiotic stresses is contributing to substantial increases in cassava yields (FAO, 2013). In 
Côte d’Ivoire, the National Center for Agronomic Research (CNRA) and the Switzerland 
Center for Scientific Research (CSRS) are promoting a number of advanced CMD-resistant 
cassava genotypes that are locally produced or introduced from IITA. This includes among 
others variety Yavo (TME-7), which is early maturing (9 months after planting) with a yield 
potential of ca. 80 t ha-1 (Bakayoko et al., 2012); and Bocou 1 (TMS 4(2)1425 x Kadi), which is 
late maturing (12 months after planting) with a mean yield of ca. 30 t ha-1 (N’zué et al., 2005). 
CNRA has an important collection of cassava (gene pool) consisted of accessions that were 
collected since 1960 in the Côte d’Ivoire, and that were introduced from West Africa, Asia and 
Latin America. 
 
1.5 Overview of the stud58y area: geological setting and physical description 
1.5.1 Geographical location and geological setting 
Côte d’Ivoire is located in the Gulf of Guinea (West Africa), on the border of the North 
Atlantic Ocean. The country extends between 4°30’N and 10°30’N latitudes and 2°30’W and 
8°30’W longitudes, and covers a total area of 322,462 km2. The geological setting consists of 
Precambrian basement and sedimentary basin, occupying ca. 97.5 and 2.5% of the total area, 
respectively. The sedimentary basin forms a thin coastal strip extending over 360 km along the 
Atlantic Ocean and is subdivided into emerged and submerged parts, both separated by a 
geological disruption (Aka, 1991). The emerged part of the basin includes some tertiary 
formations of the ‘Continental Terminal’ in the north and quaternary depositions in the south, 
and covers a ca. 22,000 km2. The study was carried out on a part of the emerged zone of the 
basin in southern Côte d’Ivoire at the locations of Dabou and Bingerville (Figure 1.6). Dabou 
and Bingerville are among the largest cassava producing and consuming regions in Côte 
d’Ivoire. They are located North-West (57 km) and South (15 km) of Abidjan (economic 
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capital), respectively. The selection of both locations was based on the level of their cassava 
production and consumption, and existing constraints on productivity (see further). The study 
was carried out in five villages in Dabou (Armebé, Débrimou, Kpass, Lopou and Opoyou) and 
five villages in Bingerville (Anan, Achokoi, Bregbo, Eloka and Santai), which were selected 
with the collaboration of the local extension service ANADER (Agence Nationale d’Appui au 
Développement Rural). The selection was based on the magnitude of the constraints (e.g. land 
availability) to cassava production (see section 1.4.) and the geographical distribution of the 
villages in order to account for variability in soil conditions. 
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Figure 1.6 Maps showing (A) the geographical situation of the study area in Côte d’Ivoire and (B) the distribution of mandate villages in the major cassava 
producing locations of Dabou and Bingerville 
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1.5.2 Physical environment description 
The geographical location of Côte d’Ivoire that extends between the equator and the tropic 
leads to a humid and warm climate pattern (Eldin, 1971). The southern region that includes the 
study area has a subequatorial bimodal climate with four seasons. This includes two rainy 
seasons that start from March to June and from September to November and two dry seasons 
from July to August and from December to February. The annual rainfall ranges between 1600 
and 2000 mm and the average temperature between 25 and 30°C, with a relative humidity 
between 80 and 90% (Ettien et al., 2014). The natural vegetation is composed of humid forests, 
which are however reduced due to strong demographic pressures, and of herbaceous savannah 
and mangrove swamps found in the hydromorphic zones (Hartmann et al., 1994).  
The landscape consists of rolling plains, with an altitude ranging from sea level to 100 m (Aka, 
1991). The soils of the region belong to the group of poor and strongly weathered Ferralsols 
(Figure 1.7). The morphological distinction of the soils becomes sometime difficult, mostly 
when they are developed on sandy deposits (Kouamé et al., 2010). In this case, their 
differentiation is mainly based on the particle size that goes from sandy (less to 10% clay) to 
sandy clay (more than 40% clay)  (Caliman, 1990). Hydromorphic soils are found in the bottom 
of slopes prone to flooding. 
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Figure 1.7 Map of soils in Côte d’Ivoire, from FAO World Reference Base for soil resources 
 
1.6 Overview of cassava production in southern Côte d’Ivoire 
In Côte d’Ivoire, agriculture is an important component of the economy and a source of 
employment for more than 66% of the active population, providing 27% of the gross domestic 
product (GDP). The agricultural export is mainly ensured by cash (i.e. non-food) crops such as 
cocoa, coffee, oil palm, natural rubber and cashew. The geographical area of production is the 
humid forest zones in the southern regions, and these crops occupy more than 60% of the total 
cultivated lands. Hence, the subsistence agriculture that includes various tuberous crops (e.g. 
yam, cassava and sweet-potato), cereal crops (e.g. maize, rice, sorghum and millet), 
leguminous crops (e.g. cowpea, groundnut and soybean) and fruit crops (e.g. banana and 
plantain) is underprivileged and produced on in total 2.4 M ha of land area (MINAGRI, 2009).  
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In southern Côte d’Ivoire, cassava is ranked first as food crop and constitutes a strategic crop 
for food security and poverty alleviation.  
Its cultivation involves a large number (ca. 1 million) of women (Ettien et al., 2014). The 
derived product called Attiéké (cassava couscous) is a typical food made from processed 
cassava tubers that is largely consumed as carbohydrate source by the local population 
(Zoumenou et al., 1999). In addition, cassava is an income-generating crop for the resource-
poor smallholder farmers. Despite the potential of the cassava for alleviating the problem of 
famine and poverty, its production is constrained by a strong land pressure that results in 
continuous cultivation and soil nutrient depletion (Kouadio et al., 2011, Kouamé et al., 2014), 
and impairs the expansion of the cultivated land area and the practice of natural fallows, both 
being the traditional methods for improving agricultural production. This is specially a result of 
non-agricultural use of the land (urbanization) and a competition with cash crops, namely 
natural rubber (Hevea brasiliensis) and oil palm (Elaeis guineensis) (Figure 1.8).  
Figure 1.8 Industrial plantations of (A) natural rubber and (B) oil palm in the location of Dabou in the 
southern Côte d’Ivoire 
These cash (i.e. non-food) crops were introduced in the region for diversification of agriculture 
to overcome fluctuating prices of other cash crops such as cocoa and coffee beans (Brou, 
2010). Cash crops occupy a large amount of arable land area due to smallholders’ plantations 
and ‘land grabbing’ from agro-industries (e.g. SAPH, PalmAfrique), leaving only small plots of 
mainly poor and marginal soils for cassava and other food crops. Furthermore, cassava is 
produced in an extensive cultivation system hampered by poor access to agrochemicals 
(fertilizer and pesticides) and improved cassava genotypes. But most problematic is that 
A B 
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cassava roots are harvested as early as 7 to 9 months after planting (MAP), i.e. well before 
harvest date for optimum yield, which is between 12 to 15 MAP. This early harvest practice is 
driven by the strong demand for cassava and the urgent need for cash (e.g. to send children to 
school), that leaves farmers no other option but uprooting the cassava prematurely to generate 
immediate income. This particular practice that is difficult to adjust in the short-term is a 
challenge for sustainable intensification of cassava. 
 
1.6 Objectives and outline of the thesis 
This goal of the thesis is to implement the integrated soil fertility management (ISFM) 
approach for sustainable intensification of cassava production in the poor and acid sandy soils 
of southern Côte d’Ivoire.  
Three main objectives can be defined: 1) characterize local agronomic practices and fertility of 
soils under cassava cultivation, 2) identify a relevant ISFM based technology for improving 
cassava productivity in the study area, and 3) evaluate performance and sustainability of such a 
technology implementation in farmers’ fields.  
We hypothesized that the inherent low soil fertility could be counteracted and that both 
productivity and profitability of cassava production systems in southern Côte d’Ivoire could be 
improved through the combination of improved cassava genotypes, multiple purpose grain 
legume intercropping, application of moderate composted manure or mineral fertilizer, and an 
adjustment of cassava spacing. 
In chapter 2, we examine soil fertility in land used for cassava production and characteristics of 
local cultivation systems in order to adapt ISFM intervention for sustainable intensification of 
cassava in the study area. This was assessed through soil surveys and socio-economic surveys 
using semi-structured questionnaires. 
In chapter 3, we comparatively assessed a set of ISFM technologies through demonstration and 
farmers’ choice experiments to develop and identify a relevant alternative for traditional 
cultivation systems. The technologies were assessed for effects on cassava and legume yields 
and for improving soil fertility through BNF and legume residue N-mineralization. This was 
assessed using a participatory appraisal with farmers and extension services and the selected 
technologies were used for multilocation testing in chapter 5. 
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In chapter 4, we provide insights in the effects of ISFM technology on intensity of two 
economically significant cassava diseases (i.e. cassava mosaic and anthracnose) and their 
interactions with tuber yields. This chapter also highlights the effects of tested ISFM 
technologies on cassava tuber quality parameters (dry matter, starch and hydrogen cyanide 
contents).  
Chapter 5 investigates the effectiveness and degree of adaptability of two selected ISFM 
technologies to the local conditions through multi-location experiments. The adaptability of the 
ISFM technologies was determined by the agronomic performance and economic returns over 
the traditional cultivation systems across farmers’ fields. This chapter underlines also the 
importance of additional factors (e.g. weeding) that influence productivity of the tested ISFM 
technologies in the study area. 
In chapter 6, the different findings are discussed with regard to the sustainability of the ISFM 
technology. This chapter provides prospective solutions for improving the effectiveness and 
adoption of the proposed ISFM technology. Some research perspectives and policy 
requirements are further suggested for addressing other issues relative to intensification of the 
production of various food crops in the study area and for other regions with different agro-
ecological conditions in Côte d’Ivoire. 
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Chapter 2 
Sustainability of smallholder cassava cultivation systems in southern Côte 
d’Ivoire 
 
Part of this chapter is based on data published in: Ettien, D. J. B., Gnahoua, J -B., Kouadio, K. 
K. H., Koné, B., N’zué, B., Kouao, A. A. F., De Neve, S., Boeckx, P. (2016) Soil fertility in 
land use for sustainable food crops production in the southern Côte d'Ivoire. Agriculture and 
Biology Journal of North America 7, 19-26 
 
Abstract 
Cassava cultivation by smallholder farmers in southern Côte d’Ivoire is subjected to various 
constraints that limit productivity and profitability, and that impede food security and farmers 
wellbeing. Therefore, a better understanding of the local cultivation systems and land-use 
associated constraints can help the development of effective agricultural strategies for 
sustainable intensification. To this end, a socio-economic and soil survey was carried out in two 
major cassava-producing areas (Dabou and Bingerville) during the 2011-2012 cropping season. 
The yield of the traditional cassava cultivation systems was on average ca. 6.4 t ha-1 and 
profitability was on average ca. 250 Euro ha-1. Limiting factors for cassava production include 
land pressure, poor access to agricultural inputs (e.g. fertilizer and improved varieties), 
premature harvesting of roots and poor knowledge of sustainable farm management. Another 
limiting factor for productivity is the poor physicochemical fertility of the soils (e.g. strong 
acidity, low organic matter and low nutrient contents). This stresses the need for 
implementation of effective and low-input technologies. Accordingly, the amendment of lime, 
application of organic matter (manure, N-rich legume residues) and nutrients to improve the 
soil fertility, alongside with implementation of improved high yielding and pest and disease 
resistant cassava varieties with high nutrient and water use efficiency can be put forwards to 
enhance resilience and achieve sustainable production of cassava on these poor sandy soils. 
Key words: Local cultivation, Socio-economic constraints, Soil suitability, Manihot exculenta, 
Côte d’Ivoire  
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2.1 Introduction 
Cassava is a vegetatively propagated crop, primarily cultivated for its tuberous roots rich in 
starch and substantial amounts of calcium (50 mg / 100 g), phosphorus (40 mg / 100 g) and 
vitamins (25 mg / 100 g), but poor in protein that is mostly abundant in the leaves (Odoemenem 
and Otanwa, 2011). Cassava is a strategic crop for combating food insecurity and poverty 
alleviation in many tropical and subtropical regions. This is due to its high yield potential 
compared to grain crops (e.g. maize, rice and sorghum) and its ability to withstand drought and 
thrive even on poor soils (Howeler, 1991). Because of resilience to suboptimal growth 
conditions, cassava is often cultivated on poor to marginal soils, impairing productivity. 
Another asset of cassava cultivation is the distinctive feature of the storage roots to be left into 
the ground over an extended period (up to two years); hence allowing flexible harvests 
(Odoemenem and Otanwa, 2011).  
In southern Côte d’Ivoire, cassava ranks first as food crop, and is an important source of 
income generation and employment for rural populations (Ettien et al., 2016). Unfortunately, its 
cultivation is restrained by a strong land pressure that results from rapidly growing population 
and a competition for land with cash crops (mainly natural rubber and oil palm) and other non-
agricultural human activities (e.g. urban encroachment) (Ettien et al., 2014). Smallholder 
farmers experience low productivity of cassava due to various constraints associated with the 
local farming systems and soil fertility status of land. In this regard, a better understanding of 
local cassava cultivation systems and soils suitability can help the development of effective 
land-use strategies for sustainable intensification of the smallholder production systems. The 
overall objective of this study is to evaluate the sustainability of smallholder cassava 
production systems in southern Côte d’Ivoire.  
It aims specifically at: 1) identifying and characterizing the performance of local cassava 
cultivation systems through a socio-economic survey, and 2) evaluating land suitability for 
sustainable cassava production using a soil survey. 
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2.2 Material and methods 
2.2.1 Study Area 
The study was conducted in two major cassava production areas (Dabou and Bingerville), in 
southern Côte d'Ivoire. Bingerville is located 15 km south of Abidjan and Dabou 50 km north-
west of Abidjan, the economic capital of the country (see Figure 1.6 in chapter 1). Five villages 
were selected in Dabou (Amebe, Debrimou, Kpass, Lopou, and Opoyou) and five others in 
Bingerville (Achokoi, Anan, Bregbo, Eloka, and Santai) in collaboration with the local 
extension service ANADER (Agence Nationale d’Appui au Développement Rural). 
 
2.2.2 Methods of assessing the cassava production systems 
In view of assessing the local cassava production systems, their sustainability and constraints, a 
socio-economic, cross-sectional survey was carried out in the study area during the 2010-2011 
cropping season. To do so, 10 villages were selected (5 per location) and 25 cassava producing 
households were interviewed per village, hence 250 farmers in total. The selection of the 
different villages was based on their geographical position to take into account the variation of 
soil conditions. The methodology employed for data collection consisted of a semi-structured 
questionnaire (see appendix 1), which was administered to farmers by personal interviews 
(Yuguda et al., 2013). The data collected covered information on socio-economic 
characteristics of the farmers, and agronomic characteristics of the local cassava cultivation 
systems. The characteristics of the farmers include: gender, education level, land tenure status, 
farm acreage and access to extension. The characterization of the cassava cultivation systems 
was mainly focused on: inputs (i.e. improved varieties, fertilizer and legume intercropping), 
harvesting periods of cassava and outputs. For outputs estimation, 50 cassava fields (5 per 
location) were also selected based on their geographical position, and for the individual plots a 
net area of 400 m2 was harvested between 9 and 10 months after cassava planting (MAP). The 
performance of the agro-ecosystem was based on fresh tuber yield and profitability. The 
profitability or economic return to production was calculated for individual households by 
subtracting the total production cost from income (Olukosi and Erhabor, 2005): 
Profitability = (Yield x Price x 1000) - Production cost  
Where yield in t ha-1, price in Euro kg-1, production cost and profitability in Euro ha-1. 
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This calculation was based on a farm gate price for cassava (0.07 Euro kg-1), and the production 
cost included labor cost for all field operations (land clearing, tillage, planting, fertilizers 
applications, weeding, harvesting) and an input cost of 0.6 Euro kg-1 for mineral NPK fertilizer 
and 0.03 Euro kg-1 for manure. The labor cost was calculated by the local extension service 
ANADER and set for the region at 0.52 Euro hour-1. 
 
2.2.3 Methods of assessing soil suitability for cassava cultivation 
2.2.3.1 Soil sampling and analysis methods 
For soil morphological description, a toposequence of 250 m (length) was identified in three 
villages per location along the morphopedological landscape. On this toposequence, three pits 
were opened on the upper, middle and bottom slopes. This method allowed identifying the soil 
units in each site (Eschenbrenner and Badarello, 1978). The pit size was 1.2 m depth, 1 m 
length and 1 m width. The distance between two consecutive pits was 75 m along transects 
(1/7500 scale). At the location of each pit, the surface state was described. After opening the 
pits, the soil profile was defined and each horizon described (Baize and Jabiol, 1995). The 
relation between soil fertility and color was established by using Munsell Color Charts (Koné et 
al., 2009 and 2015). 
After physical description, 5 cassava fields (50 in total for the ten selected villages) were 
sampled at 0-20 cm depth to determine soil fertility parameters. The different soil samples from 
profiles and cassava fields were analyzed using standard laboratory methods. The particle size 
was determined using the pipette method of Robinson. Soil pH was measured in a soil / water 
ratio of 1/2.5 (Carter and Gregorich, 2006). Organic carbon was analyzed using the method of 
Walkley and Black (1934), based on dichromate oxidation procedure. Total N was determined 
via Kjeldahl method. Ammonia acetate 1 M at pH 7 was used for extraction of exchangeable 
cations (Ca2+, Mg2+, K+, Na+) and the extract was analyzed by atomic absorption spectrometry 
(AAS). After extraction with ammonium acetate, the Cation Exchange Capacity (CEC) was 
determined following the ammonium acetate method at pH 7 (Chapman, 1965). The available P 
was analyzed by a modified Olsen method (Dabin, 1967), using 0.5 N FNH4 + 0.5 N NaHCO3 
at pH 0.5 for extraction and the amount of extracted P was determined colorimetrically at 882 
nm. 
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2.2.3.2 Land suitability determination 
Cassava nutrient requirement is related to the yield objectives. To produce a yield of 20 t ha-1, 
the crop would require 125 kg N ha-1, 30 kg P2O5 ha-1 and 150 kg K2O ha-1 (Sys et al., 1993). 
Land suitability analysis was mainly based on the critical levels of soil parameters (pH, organic 
matter and nutrients contents, and soil texture) in relation to cassava requirements (Table 2.1). 
Soils with medium pH, medium to high organic matter and nutrient contents and adequate soil 
texture are classified as suitable for cassava production (suitability type class S1). Soils with 
low pH, low organic matter and low nutrient contents and inadequate soil texture are classified 
as currently not suitable (N-type class). Soils with low to medium pH, low organic matter and 
low nutrient contents and adequate soil texture are classified as marginally suitable (suitability 
type class S3). Soil with medium pH, medium organic matter and low nutrient contents and 
adequate soil texture are classified as moderately suitable (suitability type class S2). 
Table 2.1 Critical levels of cassava requirements. (adapted from Howeler, 2002 and Sys et al., 1993). L: 
loam, S: sand, C: clay, Si: silicates 
Soil parameters         Class S1  Class 2 Class 3 Class N 
0 1 2 3 4 
P (mg kg-1)* > 14.0 14.0 - 10.0  10.0 - 4.0  4.0 - 2.0 < 2.0 
K (cmol kg-1) > 0.25 0.25 - 0.15 0.15 - 0.10 < 0.10  
Ca (cmol kg-1) 5.0 5.0 - 1.0 1.0 - 0.25 < 0.25  
Mg (cmol kg-1) 1.0 1.0 - 0.4 0.4 - 0.2 < 0.2  
CEC (cmol kg-1) > 16.0 Any    
BS (%) > 35 35 - 20 < 20   
pH - water 6.0 - 5.5 5.5 - 5.2 5.2 - 4.8 4.8 - 4.5 < 4.5 
 6.0 - 6.5 6.5 - 7.0 7.0 - 7.6 7.6 - 8.2 > 8.2 
Organic carbon > 1.5  1.5 - 0.8 < 0.8   
Texture L, SCL SL, C < 60 S, SL, C < 60 S, C < 60 V, Cm 
  SiC, Co, CL C < 60 S, LcS  S, CS  
  SiCL, SC LS, FS   
* The critical value of P cannot be used for a different extraction method (Olsen modified method) 
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2.2.3.3 Land suitability classification  
The suitability classes were determined according to FAO (1983): 
Suitability type class S1: very capable soils; in this case the risks of weak output bound to soils 
are very low or even inexistent (less than 20%).  
Suitability type class S2: fairly capable soils; the risks of weak outputs bound to soils are weak 
to medium (20 to 60%). 
Suitability type class S3: marginally suitable soils; the risks of weak outputs bound to soils are 
very high (60 to 80%). Soil constraints are of high severity. 
N-type suitability class: unsuitable soil; the risks of weak outputs bound to soils are very high
(80 to 100%). In this case, soil constraints are very strong and cannot be raised without
important amendments to the soil.
2.2.4 Statistical analysis of the data 
Data collected for the socio-economic study was analyzed using descriptive statistics. Farmers 
were interviewed during the survey and the specific characteristics were used to group them 
into different classes for each village. The percentage of individual classes was calculated, and 
data was further subjected to analysis of variance at p ≤ 0.05 to determine significant 
differences between the classes using SPSS (SPSS version 21). The villages were used as 
replicates, and Post-hoc analyses were performed to compare the classes using the turkey’s test. 
The soil data was subjected to analysis of variance at p ≤ 0.05, using the different fields for 
individual villages as replicates, and Post-hoc analyses were also performed to compare the 
villages. Data was normally distributed for statistical analysis following the Skewness and 
Kurtosis test. 
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2.3 Results 
2.3.1 Characterization of traditional cassava cultivation systems 
2.3.1.1 Social characteristics of cassava farmers 
The social characteristics of the cassava farmers are given in Table 2.2. In Dabou and 
Bingerville, cassava is grown on small plots of less than 0.25 ha for 89 and 88% of the 
respondents, representing 110 and 111 farmers, respectively. Farmers that own their own land 
to grow cassava represent 78 and 64%, i.e. 98 and 79 respondents, in Dabou and Bingerville, 
respectively. Farmers hold of less than 50 years represent 76 and 73%, respectively. Women 
represent 14 and 31%, constituting 17 and 39 farmers, respectively. Educated farmers account 
for 11 and 6%, representing 14 and 7 farmers, respectively. Hired labor is mostly used for field 
operations, representing 71 and 67% of farmers, in Dabou and Bingerville, respectively. The 
majority of cassava smallholder farmers (ca. 71%) have no access to the extension service, 
representing 177 respondents in total. The total of the 250 farmers interviewed have no access 
to credit and subsidies. All the farmers have poor awareness and knowledge on the integrated 
soil fertility management (ISFM) approach. 
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2.3.1.2 Agronomic characteristics of cassava cultivation 
The agronomic characteristics of the traditional cassava cultivation are given in Table 2.3. In 
Dabou and Bingerville, cassava is cultivated through different agronomic systems including 
agro-forestry (1 - 6%), mono-cropping (33 - 40%) and intercropping with various food crops 
(58 - 60%).  Under local practice, cassava is dominantly intercropped with maize (Zea mayis), 
while the use of legumes with soil improving ability via biological N2-fixation is marginal. In 
the agro-forestry related system, cassava is associated with rubber and oil palm over two or 
three years as from the third year shading from the canopy of tree crops would make up a 
constraint for cassava production. Furthermore, smallholder farmers cultivate cassava without 
access to improved (drought and disease resistant) varieties. Farmers are mostly using the local 
cassava variety Yacé at both locations; and only a small number of them are using other local 
varieties as pure or mixed stands, i.e. 31 and 18%, representing 39 and 22 farmers, in Dabou 
and Bingerville, respectively. The cultivated local cassava varieties include some bitter 
cultivars (Essapkel, You M’bossi, Sinadjo, Fèri-fèri, Sans Manquer) and sweet cultivars 
(Zoglo, Bonoua, Préfet, Eléphant, Fresco, Six mois, M’bossi dédé), and with different maturity 
periods. Despite the inherent low soil fertility, smallholder farmers are growing cassava without 
access to mineral fertilizer. Only a small number of farmers are applying organic manure, i.e. 7 
and 28%, representing 9 and 35 respondents, in Dabou and Bingerville, respectively. The use of 
organic manure in soil fertilization and application rates depends mostly on availability or 
affordability. When applied, manure is usually broadcasted on the field after planting of 
cassava and that exposes applied nutrients to leaching due to the abundant seasonal rainfall. 
Cassava is mostly planted during the long rainy season (Mars-June) at both locations, 
representing 55.6 and 59.6% of farmers, in Dabou and Bingerville, respectively. About 27% of 
farmers plant the cassava during both the long and short rainy seasons. Only a small number of 
them are using herbicides to control weeds, i.e. 23 and 30%, in Dabou and Bingerville, 
respectively. Herbicide is used mainly for field clearing, before cassava planting. The 
production of cassava in the study area is hampered by a severe early harvesting practice. In 
most of the cases (82 and 95%, respectively), the storage roots of cassava are harvested at 7 to 
9 months after planting (MAP), before optimal production, which is between 12 and 24 MAP. 
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2.3.1.3 Productivity of cassava cultivation systems 
The yields and profitability of the traditional cassava cultivation systems is shown in Table 2.4. 
There were no significant differences in cassava productivity (yield and profitability) between 
the villages in Dabou (p = 0.161). Significant differences in cassava productivity were observed 
between the villages in Bingerville (p = 0.004). Cassava yield was lower in Anan (4.8±1.0 t ha-
1) compared to the other villages. No significant differences in cassava productivity were 
observed between both locations (p = 0.92). The yield for the traditional cultivation system was 
on average ca. 6.4 t ha-1 for both locations. The total production cost for all field operations was 
on average 210 Euro ha-1, and profitability was on average ca. 250 Euro ha-1 for both locations. 
Table 2.4 Yields (t ha-1), total revenue (Euro ha-1) and profitability (Euro ha-1) of the traditional cassava 
cultivation system for different villages in Dabou and Bingerville, Côte d’Ivoire; different small letters 
per column indicate significant difference for villages per location; different capital letters per column 
indicate significant difference for location at p < 0.05 and values between brackets are standard 
deviation; CV (%) = coefficient of variation 
Villages Cassava yield 
t ha-1 
Total revenue 
Euro ha-1 
Profitability 
Euro ha-1 
Dabou location    
Armebe 7.4 (1.3)a 516 (86)a 302 (86)a 
Debrimou 6.1 (0.5)a 423 (33)a 209 (33)a 
Kpass 6.2 (1.8)a 433 (126)a 219 (126)a 
Lopou 6.7 (0.6)a 470 (41)a 256 (41)a 
Opoyou 5.7 (0.6)a 400 (46)a 186 (46)a 
Mean 6.4 (0.7)A 448 (46)A 234 (46)A 
Significance level (p) 0.161 0.161 0.161 
CV (%) 10.2 10.2 10.3 
Bingerville location    
Achokoi 6.7 (0.6)a 489 (40)a 290 (40)a 
Anan 4.8 (1.0)b 347 (76)b 149 (76)b 
Bregbo 7.3 (1.4)a 530 (104)a 332 (104)a 
Eloka 7.0 (1.0)a 498 (67)a 300 (67)a 
Santai 6.4 (0.4)a 463 (30)a 265 (30)a 
Mean 6.4 (1.0)A 465 (70)A 267 (70)A 
Significance level (p) 0.004 0.004 0.004 
CV (%) 15.3 15.1 15.1 
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2.3.2 Soil properties in the study area 
2.3.2.1 Soil typology and physical characteristics 
The morphological characteristics considered most relevant to agricultural suitability of the 
land are: soil depth, color, texture, structure, drainage and coarse elements. In Dabou, three 
variable horizons were identified on the upper slope for the 3 villages. The soil profile for 
Debrimou is shown in Figure 2.1 (see appendix A.2.1 and A.2.2 for other soil profiles). 
Figure 2.1 Soil profile on a toposequence transect for Debrimou; scale: 1/750000 
On the middle slope, three horizons were identified for Debrimou, and two horizons for Lopou 
and Opoyou. On the bottom slope, three horizons were identified for Debrimou and Opoyou, 
and two horizons for Lopou. The physical characteristics and typology of soils are shown in 
Table 2.5 for Dabou. The soils are sandy (less than 20% clay) in the surface, with lump 
structures, irrespectively of the slope position. The color varies from dark brown to dark gray. 
The sub-soils are sandy clay with sub-angular blocky structures. The color varies from light 
brown to gray. 
Umbric Ferralsol 
(Loamic, Dystric) 
Umbric Ferralsol 
(Loamic, Dystric) 
Xanthic Umbric Ferralsol 
(Loamic, Dystric) 
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Table 2.5 Soil physical characteristics and typologies for three villages in Dabou 
 Debrimou Lopou Opoyou 
Upper slope    
Horizon 
A1: 0 - 32 cm 
A3: 32 - 65 cm  
AB: 65 - 110 cm  
A11: 0 - 15 cm 
A12: 15 - 75 cm 
A3: 75 - 110 cm 
A11: 0 - 20 cm 
A12: 20 - 50 cm 
AB: 50 - 110 cm 
Color 
A1: dark brown, 2.7YR3/3 
A3: grayish brown,10YR5/2 
AB: reddish brown, 5YR5/3 
A11: brown, 7.5YR4/3 
A12: brown, 7.5YR4/3 
A3: reddish brown, 5YR5/3 
A11: dark gray, 10YR4/1 
A12: dark gray, 10YR4/1 
AB: yellowish red , 5YR5/8 
Texture 
A1: sandy 
A3: sandy clay 
AB: sandy clay 
A11: sandy 
A12: sandy clay 
A3: sandy clay 
A11: sandy 
A12: sandy clay 
AB: sandy clay 
Structure 
A1: lump 
A3: blocky 
AB: blocky 
A11: lump 
A12: blocky 
A3: blocky 
A11: lump 
A12: blocky 
AB: blocky 
Soil unit (WRB) Xanthic Umbric Ferralsol Xanthic Umbric Ferralsol Haplic Ferralsol 
Middle slope    
Horizon 
A11: 0 - 30 cm 
AB: 30 - 60 cm 
B: 60 - 110 cm 
A: 0 - 30 cm 
B: 30 - 110 cm 
A: 0 - 20 cm 
B: 20 - 110 cm 
Color 
A11: dark brown, 2.7YR3/3 
AB: brown, 7.5YR4/3 
B: reddish brown, 5YR5/3 
A: gray-brown, 7.5YR4/3 
B: light brown,7.5YR6/3 
A:yellowish brown,10YR5/6 
B:yellowish brown,10YR5/6 
Texture 
A11: sandy 
AB: sandy clay 
B: sandy clay 
A: sandy clay 
B: sandy clay 
A: sandy clay 
B: sandy clay 
Structure 
A11: lump 
AB: blocky 
B: blocky 
A: block 
B: blocky 
A: lump 
B: blocky 
Soil unit (WRB) Umbric Ferralsol Xanthic Umbric Ferralsol Xanthic Umbric Ferralsol 
Bottom slope    
Horizon 
A11: 0 - 15 cm 
A12: 15 - 40 cm 
A3: 40 - 110 cm 
A11: 0 - 100 cm 
A12: 100 - 110 cm 
 
A11: 0 - 10 cm 
A12: 10 - 65 cm 
A3: 65 - 110 cm 
Color 
A11: dark brown, 7.5YR4/3 
A12: light brown, 7.5YR6/3 
A3: yellowish red, 5YR5/8  
A11: brown, 7.5YR4/3 
A12: brown, 7.5YR4/3 
 
A11: dark gray, 10YR4/1 
A12: dark gray, 10YR4/1 
A3: light brown, 7.5YR6/3 
Texture 
A11: sandy 
A12: sandy clay 
A3: sandy clay 
A11: sandy 
A12: sandy clay 
 
A11: sandy 
A12: sandy clay 
A3: sandy clay 
Structure 
A11: lump 
A12: blocky 
A3: blocky 
A11: lump 
A12: blocky 
 
A11: lump 
A12: blocky 
A3: blocky 
Soil unit (WRB) Umbric Ferralsol Umbric Ferralsol Umbric Ferralsol 
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On the upper slope, Xanthic Umbric Ferralsol (Loamic, Dystric) was identified for Debrimou 
and Xanthic Umbric Ferralsol (Loamic, Dystric) for Lopou, and Haplic Ferralsol (Loamic, 
Dystric) for Opoyou. On the middle slope, Umbric Ferralsol (Loamic, Dystric) for debrimou 
and Xanthic Umbric Ferralsol (Loamic, Dystric) for Lopou, and Xanthic Umbric Ferralsol 
(Loamic, Dystric) for Opoyou. On the bottom slope, Umbric Ferralsol (Loamic, Dystric) was 
identified for Debrimou and Umbric Ferralsol (Colluvic, Dystric) for Lopou, and Umbric 
Ferralsol (Loamic, Dystric) for Opoyou. In Bingerville, three variable horizons were identified 
on the upper, middle and bottom slopes for the 3 villages. The soil profile for Bregbo is shown 
in Figure 2.2 (see appendix A.2.3 and A.2.4 for other soil profiles). 
 
Figure 2.2 Soil profile on a toposequence transect for Bregbo; scale: 1/750000 
 
The physical characteristics and typology of soils are shown in Table 2.6 for Bingerville. The 
top soils are sandy (less than 20% clay), with granular structure for Anan, and lump structures 
for Achokoi and Bregbo, at the different slopes. 
  
Umbric Ferralsol 
(Clayic, Dystric) 
Haplic Ferralsol 
(Clayic, Dystric) 
Haplic Ferralsol 
(Clayic, Dystric) 
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Table 2.6 Soil physical characteristics and typologies for three villages in Bingerville 
 Achokoi Anan Bregbo 
Upper slope    
Horizon 
A3: 0 - 8 cm 
AB: 8 - 60 cm  
B: 60 - 110 cm  
A1: 0 - 10 cm 
A3: 10 - 55 cm 
B: 55 - 110 cm 
A1: 0 - 3 cm 
AB: 3 - 24 cm 
B: 24 - 110 cm 
Color 
A3:dark brown,2.7YR3/3 
AB: dark brown, 2.7YR3/3 
B: reddish brown,5YR5/3 
A1: gray brown, 10YR5/2 
A3: dark gray, 10YR4/1 
B: yellowish brown,10YR5/6 
A1: brown, 7.5YR4/3 
AB: brown, 7.5YR4/3 
B: brown, 7.5YR4/3 
Texture 
A3: sandy 
AB: sandy clay 
B: sandy clay 
A1: sandy 
A3: sandy 
B: sandy 
A1: sandy 
AB: sandy clay 
B: sandy clay 
Structure 
A3: lump 
AB: blocky 
B: blocky 
A1: granular 
A3: lump 
B: lump 
A1: lump 
AB: blocky 
B: blocky 
Soil unit (WRB) Rhodic Ferralsol Sideralic, Dystric Arenosol Haplic Ferralsol 
Middle slope    
Horizon 
A3: 0 - 20 cm 
B1: 20 - 55 cm 
B2: 55 - 110 cm 
A3: 0 - 8 cm 
AB: 8 - 44 cm 
B: 44 - 110 cm 
A3: 0 - 12 cm 
B1: 12 - 48 cm 
B2: 48 - 110 cm 
Color 
A3: brown, 7.5YR4/3 
B1: light brown, 7.5YR6/3 
B2: red brown, 5YR4/4 
A3: gray, 7.5YR5/1 
AB: gray brown, 7.5YR4/3 
B: yellowish brown,10YR5/6 
A3: brown, 7.5YR7/3 
B1: brown, 7.5YR4/3 
B2: brown, 7.5YR4/3 
Texture 
A3: sandy 
B1: sandy clay 
B2: sandy clay 
A3: sandy 
AB: sandy 
B: sandy 
A3: sandy 
B1: sandy clay 
B2: sandy clay 
Structure 
A3: lump 
B1: blocky 
B2: blocky 
A3: granular 
AB: lump 
B: lump 
A3: lump 
B1: blocky 
B2: blocky 
Soil unit (WRB) Rhodic Ferralsol Sideralic, Dystric Arenosol Haplic Ferralsol 
Bottom slope    
Horizon 
A11: 0 - 8 cm 
A12: 8 - 75 cm 
AB: 75 - 110 cm 
A11: 0 - 10 cm 
A12: 10 - 65 cm 
A3: 65 - 110 cm 
A3: 0 - 10 cm 
B1: 10 - 65 cm 
B2: 65 - 110 cm 
Color 
A11: dark brown, 7.5YR4/3 
A12: light brown, 7.5YR4/3 
AB: brown, 7.5YR4/3 
A11: gray, 7.5YR5/1 
A12: gray brown, 10YR5/2 
A3: gray, 7.5YR5/1 
A3: dark gray,10YR4/1 
B1:grayish brown10YR5/2 
B2:grayish brown,10YR5/2 
Texture 
A11: sandy 
A12: sandy clay 
AB: sandy clay 
A11: sandy 
A12: sandy 
A3: sandy 
A3: sandy clay 
B1: sandy clay 
B2: sandy clay 
Structure 
A11: lump 
A12: blocky 
AB: blocky 
A11: granular 
A12: lump 
A3: lump 
A3: lump 
B1: blocky 
B2: blocky 
Soil unit (WRB) Haplic Ferralsol Sideralic, Dystric Arenosol Umbric Ferralsol 
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Soil color varies from dark brown to gray. The sub-soils are sandy clay with sub-angular 
structures. The color varies from light brown to gray. On the upper slopes, Rhodic Ferralsol 
(Loamic, Dystric) was identified for Achokoi and Sideralic, Dystric Arenosol (Ochric) for 
Anan and Haplic Ferralsol (Clayic, Dystric) for Bregbo. On the middle slopes, Rhodic Ferralsol 
(Clayic, Dystric) was identified for Achokoi and Sideralic, Dystric Arenosol (Ochric) for Anan 
and Haplic Ferralsol (Clayic, Dystric for Bregbo. On the bottom slope, Haplic Ferralsol 
(Clayic, Dystric was identified for Achokoi and Sideralic, Dystric Arenosol (Colluvic, Ochric) 
for Anan and Umbric Ferralsol (Clayic, Dystric for Bregbo. 
2.3.2.2 Soil physicochemical characteristics 
The physicochemical properties of soils under cassava cultivation in the study area are shown 
in Table 2.7. The physical properties of the soils indicate a low pH that ranges from 4.1 to 5 
and from 4.3 to 5.2, in Dabou and Bingerville, respectively. Soils possess a light texture that 
evolves from sandy to loamy sand, and medium to low organic matter content; hence a low 
moisture holding capacity. The chemical properties of the soils indicate low contents of N, 
exchangeable K and CEC (< 10 cmol/kg), and high contents of “available” phosphorus that 
range between 50 and 115 mg kg-1. There were significant differences in soil pH, C, N, CEC 
and K, but not for P and Mg contents between both locations. The land suitability classes in 
relation to critical levels of soil parameters are shown in Table 2.8. In Dabou, the soils of 
Lopou and Opoyou are characterized by medium pH, low organic matter and exchangeable K, 
Ca, Mg contents, with adequate texture and are classified as marginally suitable. Soils of 
Armebe and Debrimou are characterized by low pH, medium organic matter contents, low 
exchangeable K, Ca, Mg contents, with adequate texture; and are classified as marginally 
suitable. Soils of Kpass are characterized by medium pH, medium organic matter and low 
exchangeable K, Ca, Mg contents, with adequate sandy loam texture; and are classified as 
moderately suitable. In Bingerville, the soils of Achokoi, Eloka and Sanbtai are characterized 
by medium pH, low organic matter and low exchangeable K, Ca, Mg contents, with adequate 
sandy loam texture; and are classified as marginally suitable. Soils of Anan and Bregbo are 
classified as currently unsuitable for cassava (N type) due low organic matter and exchangeable 
K, Ca, Mg contents, with low pH for Bregbo and inadequate sandy texture for Anan. 
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Table 2.8 Land suitability classes in relation to critical levels of soil parameters for cassava in Dabou 
and Bingerville 
Dabou location Armebé Debrimou Kpass Lopou Opoyou 
pH - water Low Low Medium Medium Medium 
C (g kg-1) Medium Medium Medium Low Low 
K (cmol kg-1) Low Low Low Low Low 
Mg (cmol kg-1) Low Very low Low Very low Very low 
CEC (cmol kg-1) Low Low Low Low Low 
Soil texture loamy sand loamy sand sandy loam loamy Sandy loam 
Soil class Class S3 Class S3 Class S2 Class S3 Class S3 
Bingerville location Achokoi Anan Bregbo Eloka Santai 
pH - water Medium Medium Low Medium Medium 
C (g kg-1) Low Low Low Low Low 
K (cmol kg-1) Low Low Low Low Low 
Mg (cmol kg-1) Very low Very low Low Low Low 
CEC (cmol kg-1) Low Low Low Low Low 
Soil texture sandy loam sandy sandy loam sandy loam sandy loam 
Soil class Class S3 Class N Class S3 Class S3 Class S3 
* Availability of P was not appreciated because of a different extraction (modified Olsen) method used
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2.4 Discussion 
2.4.1 Suitability of cassava production systems 
In the study area, cassava cultivation by smallholder farmers gave low yields and profitability 
compared to the potential of ca. 25 t ha-1for local varieties. This low profitability is a 
consequence of low levels of productivity, high production cost (ca. 210 Euro ha-1) and lack of 
improved markets for cassava. The high cost of production derived essentially from labor. The 
low profitability of cassava renders many smallholder farmers disappointed; rather stimulates 
them to switch to cash crops such as oil palm, natural rubber and coconut. This move and 
subsequent reconversion of cassava cropland to non-food crop production consequently 
jeopardizes the food security and increases food vulnerability and dependence in the region.  
Hindrances to cassava production in the study area include the smallholder farmers’ socio-
economic conditions and agricultural practices. Indeed, cassava is grown on small fields and 
without access to agricultural inputs (fertilizer and improved varieties). The underlying cause 
that impedes farmers from expanding the cultivated land area is the existing land pressure that 
is a result of rapid population growth and a competition for land with cash crops (rubber and 
palm oil) and urban encroachment (Ettien et al., 2014). Land ownership for cassava production 
could offer an opportunity for farmers to invest in soil fertility. However, the low resource 
endowment of farmers and problems with availability limits their capacity to implement 
agricultural inputs (i.e. fertilizer and improved varieties). Manure is applied at low rates to 
improve soil fertility, mostly in Bingerville compared to Dabou due to proximity of livestock 
farming. However, broadcasting of manure in accordance with local practices exposes the 
nutrients to losses (e.g. leaching and N volatilization); hence impacts the agronomic efficiency 
and eco-efficiency of nutrients. Alternatively, manure needs to be applied in trenches or 
furrows around the cassava plants and covered with soil to limit losses from agro-ecosystems 
and to increase the agronomic efficiency. The lack of improved cassava varieties emphasizes 
the need for the research institutions to release advanced cassava genotypes to farmers, with 
effective dissemination techniques. Intercropping cassava with other food crops is the dominant 
cultivation system in the region due to its potential for avoiding complete crop failures, as well 
as a timely providing of food and incomes with an early maturing crop such as maize. The 
replacement of non-legume (e.g. maize) with grain legumes could allow improving soil fertility 
and productivity via biological N2-fixation (BNF), and enhancing profitability through 
generation of additional revenue. Moreover, cassava is merely produced by farmers (men and 
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women) with no formal education, putting a burden to implement agricultural innovations 
without an extension system. However, the majority of farmers have no full access to extension 
services. This emphasizes the need of effective extension service for strengthening farmers’ 
knowledge and capacity in land-use change.  
Another limiting factor to cassava productivity is the premature harvesting of roots. This 
practice is considered as a social problem that is difficult to change in the short-term and that is 
likely to discard any agricultural innovation if not well targeted. This practice is driven by an 
increase in demand for cassava that results from the rapidly growing population, and by the 
urgent needs for cash (e.g. to send children to school) that often offer farmers no other options, 
than uprooting cassava to get immediate incomes. A study by CNRA (Centre National de 
Recherches Agronomiques, 2009) carried out in the region indicated that 75% of farmers 
cultivate cassava varieties Yace, together with one other local variety on the same land. The 
average land area exploited in cassava cultivation was estimated at ca. 0.5 ha; and reported 
yield was on average ca. 12.2 t ha-1, with profitability of equivalent to ca. 265 Euro ha-1. This 
corroborates with results of the present research, but estimated farm size and yields were 
double for the aforementioned study. The information collected indicates an unsuitability of 
local cassava cultivation systems and rather stresses, for intensification of cassava production, 
the need for effective and low-input technologies. 
2.4.2 Suitability of soils for cassava cultivation 
2.4.2.1 Physical suitability of soils 
The soils of the studied area have a flat landscape with small variations of the slope. The soils 
of Dabou are comparable to those of Bingerville except Anan, where soils are mostly sandy in 
surface and almost devoid of organic matter. Soils of other sites are loamy sand to sandy loam 
texture in the surface (rooting layer) and sandy clay underneath. The physical properties of the 
soils are generally normal: deep soils, absence of coarse elements, with good drainage and 
porosity. These physical soil parameters can allow good penetration and development of roots, 
hence favorable for tuberous crops production. According to Haeringer (1972), cassava 
performs well in porous sandy soils of tertiary formations. The structure of soils is weak, but no 
compact horizon and hardpan was observed up to a depth of 120 cm. However, due to a light 
texture (less than 20% clay) and low organic matter contents, these soils are filtering and easily 
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erodible (Roose et al., 2006). In this region, the constraints related to morphological and 
physicochemical soil parameters are the low organic matter contents and low moisture holding 
capacity (filtering soils). These Ferralsols are moderately suitable for cassava production and 
generally fall in suitability class S2 (FAO, 1983). 
 
2.4.2.2 Chemical suitability of soils 
Soil chemical fertility is a key parameter in agricultural productivity. Inorganic elements such 
as N and K nutrients are needed for the synthesis and accumulation of carbohydrates in tuber 
crops such as cassava. Soils of the study area are strongly acid (pH range from ca. 4 to 5). This 
low pH is not conducive to the activities of nitrifying bacteria (Mallouhi, 1997) and the supply 
of some plant nutrients decreases. Nutrients such as phosphorus are fixed and not available for 
plants (Zhaohai et al., 2013). With the strong acidity of soils, phosphorus could be fixed by 
oxides and hydroxides of iron or aluminum and not available for the plants (Sahrawat et al., 
1995). In acidic soil conditions, particularly aluminum becomes soluble and may lead to plant 
toxicity. These problems are particularly acute in humid tropical regions (Harter, 2007). 
Acidification of the organic layer may be due to the continuous cultivation without soil 
amendments and the leaching of base cations due to rainfall. Howeler (1991) showed that 
cassava supports soil acidity when the K supply is high enough. However, the soils of Dabou 
and Bingerville are low in N and K. Exchangeable bases (Mg and Ca), base saturation and 
cation exchange capacity of the soils showed very low values. According to Landon (1991), 
exchangeable calcium deficiencies normally occur only in the soils with low CEC with pH 
below 5.5. This assumption suits well to the soils of the two study areas. The low CEC is 
related to the impoverishment of the environment in organic matter. The high level of P in the 
soils is related to the extraction procedure used: modified Olsen method that also extracts P 
bound to aluminum and iron; hence it rather indicates the long-term potential available P when 
soil pH would increase. The low nutrient levels of soils are related to repeated cultivation 
without fertilization and to soil physical properties. 
Definitely, by taking into account the cassava soil requirements (pH 6.0 - 5.0, 0.25 - 0.1 cmol K 
kg-1, 5.0 - 0.25 cmol Ca kg-1, 1.0 - 0.2 cmol Mg kg-1, more than 16 cmol CEC kg-1, with sandy 
loam to loamy sand texture), soils of Anan is currently not suitable (N-type class), and those of 
the other sites are marginally suitable for cassava production and belong to the class S3. 
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2.5 Conclusion 
The study showed that the major socio-economic constraints that impair cassava productivity in 
the region include land scarcity that puts upward pressures on soil resources, poor access to 
agricultural inputs, premature harvesting practices, and weak extension and education of 
farmers. The soil related constraints include soil acidity, low organic matter and low nutrients 
contents. These Ferralsols are only marginally suitable for cassava production. This stresses, 
for sustainable intensification of smallholder cassava cultivation, the urgent need for effective 
and low-input technologies. With regards to the different constraints, the amendment of lime, 
application of organic matter (manure and N-rich legume residues) and nutrients to improve the 
soils, alongside with implementation of cassava varieties with high nutrient or water use 
efficiency can enhance resilience and achieve sustainable production of cassava on poor sandy 
soils of the region. 
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Chapter 3 
Assessment of low-input technologies to improve productivity of early 
harvested cassava in Côte d’Ivoire 
 
Adapted from: Gnahoua, G. J. -B., Ettien, D. J. B, N’zué, B., De Neve, S., Boeckx, P. (2016) 
Assessment of low-input technologies to improve productivity of early harvested cassava in 
Côte d’Ivoire. Journal of Agro-ecology and Sustainable Food Systems 40, DOI 
10.1080/21683565.2016.1209610. 
 
Abstract 
In Côte d’Ivoire, smallholder farmers cultivate cassava on poor, highly weathered soils without 
improved varieties or fertilizer inputs. Land pressure combined with high demand result in 
premature harvests and low yields. Furthermore, subsistence agriculture limits the adoption of 
input-intensive technologies. This study aimed at identifying integrated soil fertility 
management systems for increasing cassava productivity and profitability in two locations in 
southern Côte d’Ivoire. The integrated technical interventions were: improved cassava 
genotypes and modified spacing, legume intercropping and application of fertilizer at moderate 
doses. Overall, an improved cassava variety (Yavo) generally out-yielded the other varieties at 
both sites. Legumes performed better at the higher soil fertility site and gave higher grain yield 
and biological nitrogen fixation in a 2 x 0.5 m cassava spacing compared to 1 x 1 m. The 
response of cassava to nutrient amendments did vary between sites, suggesting the need for 
site-specific adaptations. Fertilizer application was essential to avoid cassava yield reduction 
upon legume intercropping as a result of competition for nutrients and N immobilization and 
delayed re-mineralization of legume residues. Growing legumes, however, substantially 
increased profitability. Hence, better synchronization of legume sowing, legume residue and 
fertilizer application in relation to cassava growth phases is needed. 
Keywords: West Africa, Biological N2 fixation, Integrated soil fertility management, Manihot 
esculenta, Vigna unguiculata, Arachis hypogaea 
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3.1 Introduction 
Cassava (Manihot esculenta Crantz) is a tuberous crop cultivated in many tropical and 
subtropical countries. It is regarded as a reliable food security crop due to its inherent high 
yield potential compared to cereals and its ability to withstand drought and to generally thrive 
in suboptimal environmental conditions (Cadavid et al., 1998; Uwah et al., 2013). Cassava is a 
multipurpose crop: its leaves and starchy roots are used for human consumption and as raw 
materials for various industries, while the peelings are used as animal feed. In addition, the 
timing of the cassava harvest is fairly flexible because the tuberous roots can be left in the soil 
over prolonged periods. In Côte d’Ivoire, cassava ranks as the second staple food after yam 
(Dioscorea spp), with an annual production of ca. 2.4 million tons (FAO, 2014). It is widely 
cultivated in all agroecological zones, but the largest producing and consuming area is the 
southern humid forest region (Djeni et al., 2015). Despite the increasing importance of cassava 
to meet the growing food demand in southern Côte d’Ivoire, it is only cultivated on relatively 
poor, highly weathered soils, and by smallholder farmers without access to improved varieties 
or mineral fertilizer inputs. Subsistence farming and poor resource endowments limit the 
adoption of input-intensive technologies, such as optimal nutrient inputs via conventional 
fertilizers, which have been proven effective to counteract low yields (Giller et al., 1997; 
Bationo et al., 2006). Further, high land pressure combined with high demand for cassava result 
in premature harvests, limiting cassava yield. Accordingly, the challenge for the intensification 
of cassava production is to find low-input technologies that fit the resource endowment of 
farmers and that increase cassava productivity under conditions of early harvesting. Integrated 
Soil Fertility Management (ISFM) is considered as a realistic strategy to improve soil fertility 
and reduce cassava yield gaps (Vanlauwe et al., 2014; Pypers et al., 2011, 2012). The technical 
options integrated included (1) improved (drought and disease resistant) cassava genotypes (i.e. 
varieties Yavo and Bocou 1, vs. a local variety Yace), (2) intercropping with N-fixing grain 
legumes (cowpea and groundnut), (3) modified crop spacing (traditional design 1 x 1 m vs. 
adjusted design 2 x 0.5 m), and (4) application of modest organic and mineral fertilizer rates. 
The improved cassava varieties are considered to be better than the widely available local 
variety because they are resistant to the cassava mosaic. Legume intercropping is advocated 
because the associated biological N2 fixation (BNF) is a cheap source of nitrogen and legume 
residues can contribute to organic matter replenishment in the agroecosystem (Peoples and 
Craswell, 1992). 
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An adjustment of the cassava crop spacing to 2 x 0.5 m is included to optimize legume 
production. Finally, it is suggested to use moderate fertilizer doses in order to ensure nutrient 
availability and to keep the strategy affordable. The overall objective of this study was to 
identify a relevant ISFM technology to increase early harvest cassava productivity in southern 
Côte d’Ivoire. The specific objectives were 1) to determine the individual and combined effects 
of ISFM components (cassava variety, fertilizer type, legume intercropping and cassava 
spacing) on cassava and intercropped legume yields and 2) to assess the potential of legume 
residues to improve fertility of poor sandy soils. 
 
3.2. Material and methods 
3.2.1. Study area 
Two experiments were set up on-farm during the 2012-2013 cropping season, at Dabou (05°21' 
N; 04°21' W; 39 m asl) and Bingerville (05°18’ N; 03°49’ W; 20 m asl) in southern Côte 
d’Ivoire (see Figure 1.6 in chapter 1). Both sites are the two largest cassava-growing and -
consuming areas of Côte d’Ivoire and are located 15 km south (Bingerville) and 50 km north-
west (Dabou) of Abidjan, the economic capital of Côte d'Ivoire. In these regions, a strong land 
pressure exists due to competition for land between food crops (mainly cassava) and cash crops 
(mainly natural rubber and oil-palm). Soils in the area have inherently low fertility, further 
exacerbated by declining lengths of fallow periods and continuous cultivation. The 
experimental plots had been used previously for ten years continuous cultivation without inputs 
and were under natural fallow for one year before establishing the experiment. Both soils are 
acidic, sandy Ferralsol (USS Working Group WRB, 2014) low in organic matter and CEC 
(cation exchange capacity) (Table 3.1). Rainfall is bimodal with two rainy periods 
corresponding to the cassava cropping season. The first rainy season lasts from March to June 
and the second from October to November. Data collected from a meteorological station of the 
CNRA (National Center for Agronomic Research) indicate an annual rainfall of ca. 1725 mm 
and average temperature of 27 °C for both locations during the cropping season. 
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Table 3.1 Soil properties of both experimental sites (0 to 20 cm layer) 
Dabou site Bingerville site 
pH - KCl 3.7 3.2 
N (g kg-1) 0.9 0.6 
C (g kg-1) 13.0 6.0 
Ca2+ (cmol kg-1) 0.95 0.35 
K+ (cmol kg-1) 0.03 0.02 
Mg2+ (cmol kg-1) 0.38 0.18 
CEC (cmol kg-1) 7.14 1.64 
Texture  
(WRB soil classification) 
Loamy sand 
Ferralsol 
Sandy 
Ferralsol 
3.2.2 Field experiments 
3.2.2.1 Plant and input materials 
The improved cassava genotypes Yavo and Bocou 1 and the widespread local variety Yace 
were selected for the experiments. The improved varieties Bocou 1 and Yavo were obtained 
from the CNRA (National Agronomic Research Center) and the local variety Yace was 
collected from farmers’ fields. Varieties Bocou 1 and Yavo are currently released to farmers in 
Côte d’Ivoire and were selected for their high production potential sustained by their drought 
and cassava mosaic disease resistant trait. Cowpea (Vigna unguiculata) and groundnut (Arachis 
hypogea) were selected as legume intercrops, because of their proven agronomic performance 
and considerable economic interest. The planting materials (cassava varieties and legume 
seeds) were obtained from the local station of the CNRA. Composted chicken manure and 
mineral fertilizer NPK (15-15-15) were used as inputs for cassava due to their availability in 
the area. The nutrient content of the manure was 14.9 g N kg-1, 5.6 g P kg-1 and 4.3 g K kg-1 
(dry matter). 
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3.2.2.2 Experimental set up 
The experiment was set up in each location at the beginning of the rainy season in May 2012. 
The technical components included 1) cassava genotypes (improved varieties Yavo and Bocou 
1, vs. a local variety Yace), 2) legume intercropping using cowpea and groundnut, 3) cassava 
spacing (1 x 1 m – traditional practice, vs. 2 x 0.5 m – modified spacing), and 4) moderate 
application rates of chicken manure (5 t ha-1) and mineral fertilizer (50 kg NPK 15-15-15 ha-1). 
The chicken manure was directly collected from livestock farming, and was placed in a hole, 
humidified and covered with a plastic film. The moisture content was adjusted in intervals of 
two weeks by adding water during a period of 3 months before use. The experiment was carried 
out as a split-split-plot design and three randomized blocks were used as repetitions. Blocks 
were composed of three sub-blocks. The experimental design is shown in Figure 3.1.  
Each sub-block contained one cassava variety grown at both spacings, and included eight 
treatments (hereafter referred to as T0 – T7) and a reference crop (non-nodulating soybean) 
used for estimation of biological N2 fixation (BNF). The treatments were T0: control (no 
inputs), T1: chicken manure applied at recommended dose (10 t ha-1) hereafter referred to as 
‘reference dose’, T2: cowpea intercrop; T3: groundnut intercrop; T4: cowpea intercrop + NPK 
(50 kg ha-1); T5: groundnut intercrop + NPK (50 kg ha-1); T6: cowpea intercrop + half manure 
reference dose (5 t ha-1) and T7: groundnut intercrop + half manure reference dose (5 t ha-1). 
The experimental unit plot size was 6 x 4 m from which a 3 x 3 m area was used for yield 
estimation. The sub-block size was 126 x 4 m and block size was 126 x 16 m. The whole 
experiment covered an area of 0.7 ha per study site. 
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3.2.2.3 Application of treatments 
Cassava cuttings (20 cm length) were planted upright after manual tillage at a density of 10 000 
plants ha-1, both at the traditional?1 x 1 m (= S1) and the modified 2 x 0.5 m (= S2) spacing at 
the beginning of the rainy season in May 2012. The manure was applied in a circle of 10 cm 
radius around each cassava plant 10 days after planting and was covered with soil. Under local 
practices, manure is often broadcasted on the fields, which may cause losses (e.g. via NH3 
volatilization). The mineral fertilizer was applied in furrows on either side of cassava rows at 
10 cm distance 20 days after planting and was covered with soil (Figure 3.2).  
  
Figure 3.2 Application of moderate rates of mineral fertilizer (A) in furrows and manure (B) in circle 
around cassava plant in the ISFM experiments  
 
The nutrient content of manure was 14.9 g N kg-1, 5.6 g P kg-1, 4.3 g K kg-1, and 15 g N kg-1, 
6.5 g P kg-1 and 12.5 g K kg-1 for mineral NPK fertilizer. The moderate amount of manure 
applied (5 t ha-1) contains five-fold N and P and two-fold K compared to the low rate NPK (50 
kg ha-1). Given the slow growth of cassava during the early stages, the intercropped legumes 
were sown 30 days after cassava planting in order to minimize inter-specific competition. Two 
and four rows of legume were intercropped between two rows of cassava in S1 and S2, 
respectively. 
The legume plant density was 0.2 x 0.2 m in S1 and 0.4 x 0.2 m in S2, with 0.4 m distance 
between cassava lines and legume rows for both spacings. Crop protection products were 
applied to legumes at the flowering stage (1.5 months after planting) to control diseases and 
insect pests. Legumes were harvested after three months and fresh aboveground residues were 
A B 
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cut and applied as surface mulch between casava rows. A second legume crop was sown 1.5 
months after the first legume harvest in S2, but only within the two center rows in order to 
avoid the shading effect from the cassava canopy. The second legume crop was harvested 8 
months after the planting of the cassava (MAP), and residues were again applied as surface 
mulch. Hence, a total of six rows and four rows of legumes were sown in S2 and S1, 
respectively, during the cropping season. Legume grain and residue biomass yields were 
reported together for the first and second legume crop in the S2 arrangement.  
The profitability or economic return was calculated for each system by subtracting the total cost 
of production from the gross income [Profitability = (Yield x Price) – Production cost], using 
field gate prices of 0.07, 0.6 and 1.0 Euro kg-1 for cassava, cowpea and groundnut, respectively. 
These prices were determined by a socio-economic survey carried out in the study area during 
the experiment (see chapter 2). The calculation of total cost of production included labor cost 
for all field operations (land clearing, tillage, planting, fertilizers or manure applications, 
weeding, harvesting) and an input cost of 0.6 and 0.03 Euro kg-1 for mineral fertilizer and 
manure, respectively. The cost of labor for the specific field operations was calculated by 
ANADER (Agence Nationale d’Appui au Développement Rural) and for the study areas set at 
0.52 Euro h-1. The cost and income generated from cassava stems (planting materials) was 
excluded from the analysis. 
3.2.3 Nitrogen mineralization of legume residues 
The N mineralization of legume residues was assessed using an incubation study. Soil was 
collected from the upper soil layer (0-20 cm) from both experimental fields using an auger. The 
soil was homogeneously mixed into one composite soil sample per field for incubation. All 
visible impurities (stones and roots) were removed by hand and soil was partially air dried (2 
days) to reduce the moisture content with minimal disturbance of the microbial community. 
Residues of cowpea and groundnut were oven-dried at 60 °C for 72 h and cut into pieces of 10 
mm length prior to incubation. The amount of residues added to the soil (cowpea: 222 mg roots 
and 443 mg above ground biomass; groundnut: 111 mg roots and 221 mg above ground 
biomass) was equal to the average amount of dry biomass produced in the field experiments 
(i.e. 1.5 and 2.5 t ha-1 for groundnut; 0.5 and 1.5 t ha-1 for cowpea, respectively). The residues 
were mixed homogeneously with 136 g soil to assess potential N-mineralization rates. The soil-
residue mixture was put in plastic tubes (diameter 0.052 m, length 0.16 m) and compacted to a 
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soil column of 0.05 m length to reach the desired bulk density of 1.4 g cm-3. Tubes were 
covered with perforated gas-permeable Parafilm, and incubated at 20-30°C (8 h night – 16 h 
day). Soil moisture was kept constant at 50% water filled pore space (WFPS) by monitoring the 
weight of the tubes every 2 days and adding demineralized water when needed. The 
experimental design was a split-plot with 3 factors and 3 repetitions. The first factor was 
incubation time, the second factor was soil type and the third factor was the nature of the 
residues, including a control treatment without residue addition. Three replicates (three tubes) 
of each soil treatment were removed after 8, 22, 36, 50, 71 and 90 days of incubation and 
sampled destructively. 
 
3.2.4 Methods of field sampling and analysis 
3.2.4.1 Soil and plant sampling 
Prior to the start of the field experiments, the sites were cleared by burning in accordance with 
the local practices. Different soil cores were collected (0-20 cm layer) after clearing the plot 
and mixed into composite samples for the determination of initial soil properties. Composite 
soil samples were air dried, grounded and sieved (2 mm) before the analytical process. The pH 
was measured using a glass electrode in soil/water (1/2.5) solution. The content of organic 
carbon (C) was determined by colorimetric measurement of the amount of Cr2O7 not reduced 
by C according to “Walkley and Black” (Pansu and Gauteryrou, 2003). Total N was measured 
according to the Kjeldhal method including mineralization of organic matter at 300˚C. The 
available P was determined by a modified Olsen method using FNH4 0.5 N + CO3NaH 0.5 N at 
pH 0.5 for extraction (Dabin, 1967), and the amount of extracted P was determined 
colorimetrically at 882 nm. This method extracts more available phosphorus bonded to 
aluminum. Ammonia acetate 1 M at pH 7 was used for extraction of exchangeable cations 
(Ca2+, Mg2+, K+, Na+) and the extract was analyzed by atomic absorption spectrometry (AAS). 
The CEC was measured following the ammonium acetate method at pH 7 (Chapman, 1965). 
The physical and chemical properties of the soils are shown in Table 3.1. 
Legumes were sampled in the main plot at maturity for grain yield estimation. For BNF 
calculation, twelve legume plants were sampled 15 days after formation of pods. The roots and 
aboveground part (= shoot + leaves without pods) of each legume were separated after 
removing the pods and oven-dried (60°C) until a constant weight was reached for dry matter 
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estimation. The cassava tubers were harvested in the main plot 9 months after planting, in 
accordance with the local practices and the yield was calculated on fresh roots weight basis. 
3.2.4.2 Biological nitrogen fixation rate 
The biological nitrogen fixation (BNF) by legumes was calculated via the 15N natural 
abundance method (Shearer and Kohl 1988). The “B value” of the legumes (see below) was 
assessed in a hydroponic culture without N in a greenhouse using a modified Leonard jar 
system (Vincent 1970). Sterilized seeds of cowpea and groundnut were pre-germinated two 
days at 28 °C, in dark conditions and inoculated with specific rhizobial strains, Rhizobium sp. 
R-52967 for cowpea and Bradyrhizobium sp. R-52978 for groundnut. Both rhizobial strains
were isolated from legumes grown at both experimental sites. They were isolated and
characterized based on rep-PCR clustering, 16S rRNA gene and recA gene sequence analysis
following the method of De Meyer et al. (2011). Two seeds were sown in each jar, which
contained autoclaved vermiculite as rooting medium. Each Leonard jar was watered with 200
ml modified (N-free) Norris nutrient solution (Norris and Date 1976) and was replenished
every 3 days. The experiment was set up as a complete randomized block design with 3
repetitions; for details see Nebiyu et al. (2014). After harvesting the legumes at flowering stage,
the roots and above ground part were separated and oven-dried at 60 °C for 72 h. The legume
samples from the hydroponic culture and field experiments were ground using a centrifugal
mill (ZM 200, Retsch, Germany). Total N content and δ15N in the plant samples were analyzed
with an Elemental Analyzer - Isotope Ratio Mass Spectrometer (ANCA-SL, 20-20, SerCon,
Crewe, UK) (EA-IRMS). Nitrogen yield was calculated as:
Total N yield (g N plant-1) = dry mater yield (g plant-1) × %N/100. 
The percentage of plant N derived from atmospheric N2 (%Ndfa), was calculated according to 
Peoples et al. (2009): 
%Ndfa = 100 × (δ15Nreference plant - δ15Nlegume) / (δ15Nreference plant - B value) 
Where, δ15Nreference plant and δ15Nlegume are the whole plant δ15N values of non-nodulating 
soybean, cowpea or groundnut, respectively. The legumes specific “B value” was - 0.10‰ for 
cowpea and 0.39‰ for groundnut. The amount of N2 fixed (BNF) by the legume was 
calculated as: 
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BNF (kg N ha-1) = total N yield × (%Ndfa)/100. 
 
3.2.4.3 N mineralization rates 
The mineral N (NO3--N and NH4+-N) was extracted from the incubation studies with 1 M KCl 
and analyzed colorimetrically using a continuous flow Auto-analyzer (SA 1050, Skalar, 
Belgium). Net N mineralization of residues was calculated by subtracting the mineral N content 
of the control treatment from the residue amended treatments. The lignin, polyphenol and 
cellulose contents of the residues were determined following the method of van Soest et al. 
(1991). Carbon and N of the residues were determined with an EA-IRMS (20-20, SerCon, 
Crewe, UK). 
 
3.2.4.4 Statistical analysis 
Data from the field and soil incubation experiments were subjected to analysis of variance 
using the GLM procedure (SAS Institute 2009). Significance of factors and their interactions 
were determined at p ≤ 0.05. Treatments were compared through post-hoc analyses using the 
Tukey’s test. For statistical analysis, given the great number of interactions (location x variety x 
spacing x inputs), treatments were compared for the individual cassava varieties for both 
spacings (1 x 1 m vs. 2 x 0.5 m) and the three cassava varieties were further compared for 
individual treatments. Data was normally distributed for analysis following the Skewness and 
Kurtosis test. 
 
3.3 Results 
3.3.1 Effects of cassava genotypes and spacing 
3.3.1.1 Effects of cassava genotypes 
There was no significant effect of cassava spacing on fresh root yields (p > 0.05), and for the 
different cassava genotypes data are combined for spacing S1 and S2 and shown in Table 3.2 
(see chapter 4 for dry matter yields). There was a highly significant (p < 0.0001) difference in 
fresh root yield between cassava varieties at both locations.  
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Table 3.2 Average fresh cassava root yields (t ha-1) combined for spacing S1 and S2, three cassava 
varieties and various ISFM components for the sites in Dabou and Bingerville; different small letters per 
column indicate significant difference for treatments; different capital letters per row indicate significant 
difference for varieties at p < 0.05 and values between brackets are standard deviations; *CV = 
coefficient of variation 
ISFM component Cassava variety 
Yace Bocou1 Yavo 
Higher soil fertility site : 
Dabou 
Groundnut 4.9 (2.5) cd,B 6.0 (2.7) b,B 9.2 (4.7) c,A 
Groundnut + low NPK 8.1 (4.1) bc,B 6.6 (4.3) b,B 10.9 (1.8) c,A 
Groundnut + half manure  9.6 (6.2) b,B 5.9 (3.4) b,C 15.5 (3.4) b,A 
Cowpea 3.7 (2.1) d,B 2.8 (1.1) c,B 7.0 (1.3) cd,A 
Cowpea + low NPK 5.7 (2.1) cd,A 4.9 (2.0) c,A 6.4 (2.3) d,A 
Cowpea + half manure  6.1 (3.6) cd,A 6.3 (2.8) b,A 7.9 (3.9) cd,A 
Manure reference dose 15.0 (3.3) a,B 13.2 (3.3) a,B 18.3 (4.5) a,A 
Control 9.4 (1.5) b,A 8.2 (3.0) b,A 9.7 (2.2) c,A 
Significant level (p) 0.000 0.000 0.000 
CV*  46.1 45.2 39.7 
Lower soil fertility site : 
Bingerville 
Groundnut 10.3 (5.9) ab,A 6.6 (3.2) b,B 10.3 (1.9) c,A 
Groundnut + low NPK 9.0 (3.4) ab,B 8.7 (4.5) b,B 17.1 (7.2) a,A 
Groundnut + half manure 8.4 (4.0) ab,B 7.7 (2.7) b,B 13.5 (5.6) bc,A 
Cowpea 5.4 (2.9) b,B 6.6 (2.8) b,B 11.3 (6.0) bc,A 
Cowpea + low NPK 9.3 (4.4) ab,A 7.6 (3.4) b,A 10.9 (2.4) bc,A 
Cowpea + half manure 9.3 (4.0) ab,B 8.5 (0.7) b,B 15.1 (5.1) b,A 
Manure reference dose 13.1 (2.7) a,B 14.8 (4.9) a,B 19.0 (5.3) a,A 
Control 9.2 (4.1) ab,B 7.3 (4.2) b,B 14.3 (4.5) bc,A 
Significant level (p) 0.036 0.003 0.047 
CV*  22.8 31.4 22.2 
Groundnut = groundnut as intercrop; Cowpea = cowpea as intercrop; Manure reference dose = 10 t ha-1; half 
manure = 5 t ha-1 (manure contains: 14.9 g N kg-1, 5.6 g P kg-1 and 4.3 g K kg-1); low NPK = 50 kg NPK 15-15-15 
ha-1 
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The improved variety Yavo performed better than Bocou 1 and Yace in nearly all treatments, 
but gave similar yields to the other varieties for the treatments including cowpea without 
fertilizer amendments. The local variety Yace gave similar or higher yields compared to the 
improved variety Bocou 1 depending on treatments. However, cassava genotypes did not 
significantly affect legume grain, residue biomass and BNF yields (p > 0.05) for the different 
spacings and for both sites (data not shown). 
 
3.3.1.2 Effects of cassava spacing 
There was no significant effect of cassava spacing on cassava root yields for both sites (p > 
0.05). However, highly significant effect (p = 0.0001) of cassava spacing was observed on 
legume grain yields in both locations (Figure 3.3). Legume grain and residue biomass were 
higher for spacing S2 than for S1, especially for Dabou (higher fertility site) compared to 
Bingerville (lower fertility site). Further, the adjusted cassava spacing S2 increased legume 
BNF and total N yields in both locations (Figure 3.4).  
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A 
B 
Figure 3.3 Legume grain yields (t ha-1) for different cassava spacings and ISFM treatments in Dabou 
(A) and Bingerville (B); error bars show standard deviations; treatments with different letters are
significantly different at p < 0.05; ISFM components: G = groundnut; C = cowpea; M = half manure; F
= mineral fertilizer NPK
ISFM components
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3.3.2 Effects of legume and fertilizer inputs 
3.3.2.1 Cassava tuber yields 
The manure reference dose gave the highest root yield for all three cassava varieties in both 
locations (Table 3.2). Yield increase compared to the control for manure reference dose was 
5.6, 5.0 and 8.6 t ha-1 for varieties Yace, Bocou1 and Yavo respectively, in Dabou; and 4.0, 7.5 
and 4.7 t ha-1, respectively, in Bingerville, as compared to the treatment without inputs for these 
respective varieties. In Dabou, the second highest yield was for the “groundnut + half manure” 
ISFM component and variety Yavo, which increased cassava yield by 6.0 t ha-1 compared to the 
control treatment (no inputs). In Bingerville, the second highest yield was for the “groundnut + 
NPK” ISFM component and variety Yavo, which increased cassava yield by 3.0 t ha-1
compared to the control. In contrast, legumes without fertilizer addition did not increase or 
even reduced cassava root yields for all cassava varieties in both locations compared to the 
control treatment (no inputs). For the cassava varieties Bocou 1 and Yace, the ISFM component 
legumes and fertilizer addition did not affect cassava yield in Bingerville, and even resulted in 
yield reduction in Dabou. 
3.3.2.2 Legume grain and biomass yields 
There was a highly significant effect of ISFM component (p = 0.0001) on legume grain yields 
in both locations (Figure 3.4). Both manure and mineral fertilizer doses increased cowpea and 
groundnut grain yields in both locations and for both cassava spacings. In Dabou, the cowpea 
yield increase was 0.5 and 1.1 t ha-1 for manure and mineral fertilizer, respectively, for spacing 
S1; and 1.6 and 2.0 t ha-1, respectively, for spacing S2, compared to the treatment without 
fertilizer. Groundnut yield increase was 1.0 t ha-1 for both manure and mineral fertilizer for 
spacing S1; and 0.5 and 1.1 t ha-1 for manure and mineral fertilizer, respectively, for spacing 
S2. In Bingerville, the cowpea yield increase was 0.6 and 0.5 t ha-1 for manure and mineral 
fertilizer, respectively, for spacing S1; and 0.7 and 1.0 t ha-1, respectively, for spacing S2, 
compared to treatment without fertilizer.  Groundnut yield increase was 0.2 and 0.3 t ha-1 for 
manure and fertilizer, respectively, for spacing S1; and 0.3 t ha-1 for both manure and fertilizer 
for spacing S2.  
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Legume residue biomass yields increased with fertilizer amendment in both locations. Residue 
biomass yields for the cowpea ranged from 2.6 to 5.2 t ha-1 and 3.0 to 6.4 t ha-1 for spacing S1 
and S2, respectively, and for groundnut from 2.0 to 3.5 t ha-1 and 2.5 to 4.5 t ha-1, respectively, 
in Dabou. In Bingerville, legume residue biomass yields for the cowpea ranged from 1.0 to 1.7 
t ha-1 and 1.2 to 2.7 t ha-1 for spacing S1 and S2, respectively, and for groundnut from 0.4 to 0.7 
t ha-1 and 0.7 to 1.2 t ha-1, respectively. The cowpea + NPK or half manure dose gave higher 
grain and biomass yields compared to groundnut for the same treatments for both sites. Finally, 
legume grain and residue biomass yields were lower in Bingerville compared to Dabou for both 
spacings across all treatments.  
 
3.3.2.3 Legume BNF and total N yields 
Mineral fertilizer and manure additions significantly (p < 0.05) increased BNF and total N 
yields of legume residues for both cassava spacings in Dabou and Bingerville. In Dabou, 
groundnut + NPK gave the highest BNF and total N yield, 100.0±18.8 and 148.8±24.4 kg N ha-
1, respectively, for spacing S2; and 96.6±17.0 and 146.2±23.0 kg N ha-1, respectively, for 
spacing S1, followed by other fertilizer treatments (Figure 3.4). Treatments without fertilizer 
inputs had the lowest total N yield from 46.3±2.1 to 76.4±5.8 kg N ha-1 and BNF from 
21.5±5.5 to 45.9±2.6 kg N ha-1, depending on the legume and spacing. In Bingerville, the 
highest total N yields and BNF for both spacings were observed for “cowpea + half manure 
reference dose” and “cowpea + NPK”, 36.0±6.2 and 45.8±15.8 kg N ha-1, respectively, for total 
N yield; and 23.4±8.8 and 28.0±11.0 kg N ha-1, respectively, for BNF (Figure 3.4). The lowest 
total N yield and BNF were observed for treatments without fertilizer inputs. In general, the 
total N yield and BNF for both legume treatments were higher in the higher fertility site 
(Dabou) than in the lower fertility site (Bingerville). The contribution of fertilizer amendments 
and legume residues to the total N inputs for the different ISFM components are shown in 
Table 3. The amounts of N added with cowpea or groundnut and manure combined were higher 
as compared to legume with mineral fertilizer additions and legume without fertilizer 
amendments. Total N inputs were higher for spacing S2 compared to spacing S1, especially in 
Dabou compared to Bingerville. 
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3.3.3 Nitrogen mineralization of legume residues 
During the incubation, addition of legume residues to the soil consistently resulted in an initial 
net N immobilization, followed by re-mineralization, which eventually resulted in a small net 
release of mineral N from the residues. The length of the N immobilization period ranged from 
30 to 45 days for groundnut residues and cowpea aboveground biomass, from 30 to 70 days for 
cowpea root residues, and was similar in both soils (Figure 3.5). The strongest and longest N 
immobilization was observed for cowpea root residues, which also had the highest C/N, 
lignin/N and (polyphenol + lignin)/N ratios and was equivalent to 35 and 37% of the total N 
added via residues in Dabou and Bingerville, respectively.  
The amount of net N mineralized from the residues at the end of 90 days incubation ranged 
from 3.4 to 13.1 kg N ha-1 and, 8.2 to 9.5 kg N ha-1 for cowpea and groundnut, respectively, in 
Dabou, and was equivalent to between 15.2 and 18.1%, and 19.6 and 77.2% of the total N 
added via cowpea and groundnut residues, respectively. In Bingerville, net N mineralized 
ranged from 2.1 to 8.1 kg N ha-1 and, 6.5 to 8.3 kg N ha-1 for cowpea and groundnut, 
respectively, and was equivalent to between 9.4 and 11.3%, and 20.0 and 52.8% of the total N 
added via cowpea and groundnut residues, respectively. The highest amount of net N 
mineralized (77.2 and 52.8% in Dabou and Bingerville respectively) for groundnut root 
coincided with the lowest lignin/N and (polyphenol + lignin)/N ratios (Table 3.3). 
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A 
 
B 
Figure 3.5 Net legume residue N mineralization (NH4+ + NO3--N kg ha-1) in function of time for the 
soils of Dabou (A) and Bingerville (B); error bars show standard deviations, AGB: above ground 
biomass, BGB: below ground biomass 
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3.3.4 Profitability 
The profitability of the cassava-legume based ISFM system for spacing S2 is given in Table 
3.3. There was a highly significant effect of treatment and cassava variety (p < 0.000) on 
profitability and treatment x variety interaction was significant in Bingerville (p = 0.001), but 
was not significant in Dabou (p = 0.81). In Dabou, the groundnut + NPK combination showed 
the highest profitability, which increased 10- to 12-fold for the three cassava varieties 
compared to the  control treatment (377±154 Euro ha-1), followed by cowpea + half manure 
treatments, giving a 7- to 8-fold increase of profitability compared to the control treatment (no 
inputs). In Bingerville, groundnut + NPK or manure treatments also gave the highest 
profitability, giving a 5- to 7-fold increase compared to the control (300±165 Euro ha-1). 
Cassava generated 200 to 900 Euro ha-1 vs. 1000 to 4000 Euro ha-1 for legumes at both 
locations, depending on treatments 
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3.4 Discussion 
3.4.1 Genotype and spacing effects on cassava tuber yields 
Cassava fresh root yield varied between genotypes for the manure reference dose and for 
groundnut treatments with or without fertilizer amendments and for the cowpea without 
fertilizer amendments, regardless the crop spacing. The higher yield of the improved cassava 
variety Yavo over the other varieties could be related to its early maturing trait. The late 
maturing characteristics of variety Bocou 1 and the susceptibility of the local variety Yace to 
cassava mosaic disease (CMD) explain their lower productivity. Cassava spacing S2 resulted in 
legume biomass and grain yield increases due to addition of the second legume cycle. The non-
significant effect of cassava spacing on tuber yield for all the varieties is in agreement with 
Walangululu et al. (2011) who observed yield increases of beans in cassava (spaced 2 m x 0.5 
m) intercropped with four rows of beans, without significantly affecting cassava tuber yields.
This result could be related to the premature harvest of roots and N immobilization upon
legume residues application, given that legume residues and total N yields for the ISFM
components differed between both cassava spacings.
3.4.2 Fertilizer effects on legume BNF and grain yield 
Treatments of cassava intercropped with legumes, in combination with half of the reference 
manure dose, or with mineral fertilizer addition increased BNF and total N of legumes. Legume 
BNF and total N increased more with addition of mineral fertilizer compared to manure, 
although more nutrients were added with the manure. The nutrient release from the manure was 
probably slow compared to the direct nutrient availability from the mineral fertilizer. Most 
likely, the beneficial effect of fertilizers applied directly to cassava (10 cm from plants) on 
productivity of intercropped legumes could have resulted from a lateral diffusion of nutrients 
that extended into the reach of legume rows. The light texture of the soil (84 to 96% sand), the 
low organic matter content (1 to 2%), the limited nutrient uptake of the young cassava plants, 
the fact that the applied fertilizer was only at 30 cm distance from the legume rows, and the 
high seasonal rainfall, collectively could have facilitated this migration of nutrients. The 
“cowpea + NPK or half manure dose” gave the highest legume grain yields compared to 
groundnut at both sites. This difference in grain production between the cowpea and groundnut 
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can be explained by the yield potential of the legumes, and the adaptation to the local 
conditions. 
 
3.4.3 Fertilizer and legume effects on cassava tuber yield 
The recommended manure dose of 10 t ha-1 substantially increased yields for all cassava 
varieties. However, broad-scale adoption by farmers is hampered, since most cassava farmers 
cannot access manure in sufficient quantity. The most viable ISFM components were 
“groundnut + half manure dose” in Dabou, and “groundnut + low NPK” in Bingerville, which 
increased significantly both legume and cassava yields, mostly when variety Yavo was used. 
This performance can be related to genotype characteristics and, on the other hand, to the 
alleviation of soil nutrient depletion by the addition of manure or mineral fertilizer.  
The cassava yield decrease that was observed in treatments where legumes were used with or 
without fertilizer addition likely resulted from the competition for nutrients between legumes 
and cassava. The fast growth of legumes compared to the slow cassava growth provides 
legumes a competitive advantage. Cassava yields did vary between genotypes for the 
groundnut treatments with or without fertilizer amendments, but not for cowpea with fertilizer 
amendments. This can be related to a vigorous growth of the cowpea compared to groundnut, 
mostly with the addition of external nutrients via fertilizer, which possibly obscured the effect 
of variety on root yield. Hence, the difference in cassava yield between groundnut and cowpea 
intercrop could be related to shading effects (in addition to differences in BNF). Nutrient 
mining by legumes and the genotypic characteristics can explain the variability of response to 
the amendments. This cassava yield reduction by legume intercropping is in agreement with 
Makinde et al. (2006) who observed 11% reduction in cassava yield intercropped with legumes.  
Further, cassava yield could have been impacted negatively by N immobilization of mineral N 
upon legume residue application. The N immobilization period of 30 - 45 days as observed in 
the incubation experiments (Figure 3.5) would coincide with 5 to 6 months after cassava 
planting in our field experiment, hence likely reducing cassava development. Immobilization of 
mineral N that occurred during 30 to 45 days, followed by a net N mineralization after 
incorporation of legume residues to the soil corroborates results by Palm and Sanchez (1991) 
who observed initial N immobilization from tropical legumes during 45 days of incubation 
followed by positive net N mineralization for the next 45 days of incubation. A similar 
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mineralization pattern of tropical legume residues was observed by Fox et al. (1990) who 
reported N immobilization for the first 6 weeks and a net N mineralization ranging from 11 to 
47% of added N after 12 weeks of incubation. Cowpea residue with high C/N, lignin/N and 
(polyphenol + lignin)/N ratios resulted in higher immobilization of mineral N and a low net N 
mineralized after 90 days compared to groundnut residues. Accordingly, the groundnut residue, 
which had the highest BNF and total N yields showed the highest potential for soil fertility 
restoration in the long-term. However, N immobilization immediately after legume residue 
incorporation combined with the premature harvest of cassava clearly constrained cassava 
yields, and led to reduced N availability for the cassava crop mostly during the vegetative 
growth where N is most needed. This suggests the need for a better synchronization between 
cassava planting, legume growing, fertilizer and legume residue applications in relation to the 
cassava growth phases. Given that cassava depends on reserves in the stem cutting until 30 
days after planting and the most active vegetative growth (i.e. maximum growth of leaves and 
stems, maximum light interception with large dry matter allocation to leaves and roots) is at 3-6 
MAP (Alves, 2002), a better synchronization with N supply could be to grow intercropped 
legumes 1.5 MAP and apply manure at 2 MAP or mineral fertilizer at 3 MAP and legume 
residues at 4.5 MAP, hence net N-mineralization would occur at ca. 6-7 MAP and if feasible in 
the local socio-economic context delay the harvest of cassava at until 12 MAP. This could 
reduce the competition of light with legumes and allow cassava to benefit more from nutrients 
added through fertilizer and legume residue N-mineralization for optimal yields. Cassava yield 
increment that was observed when high rates of manure are supplied suggests that in order to 
achieve optimal yields application rates of nutrients should increase, mainly K, which is 
required for carbohydrate synthesis and translocation in tuberous crops, as well as addition of 
secondary and micro-nutrients (Abd El-Baky et al., 2010). 
3.4.4 Effects of site on productivity 
The larger legume BNF, total N and biomass yields observed in Dabou compared to 
Bingerville can be attributed to the lower soil fertility status of the Bingerville site (Table 1), 
and hence stresses the critical importance of starter-nutrients in poor soils for atmospheric N2 
fixation and legume production (van Kessel and Hartley, 2000). However, cassava yield was 
lower in Dabou than in Bingerville. This low cassava yield observed in Dabou (higher fertility 
site) can be attributed to the vigorous growth of the intercropped legumes that intensified the 
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competition for nutrients, whereas in Bingerville the legumes failed to produce substantial 
biomass, minimizing the competition with cassava. The effectiveness of the tested ISFM 
technologies (compared to a no-inputs farmers’ control and the recommended strategy of 
applying 10 tons manure) differed by site, suggesting that blanket recommendations of standard 
integrated soil fertility management practices is not advisable. Rather, this indicates the need 
for site specific adaptations relative to the cassava variety and legume species, the 
intercropping period of legumes and the nutrient amendments, all depending on the soil fertility 
status and the farmers’ resource endowment. 
 
3.4.5 Profitability 
The profitability of the ISFM systems is driven by intercropped legumes. Cassava contributes 
only 200 to 1000 Euro ha-1 vs. 1000 to 4000 Euro ha-1 for legumes at both locations, 
representing 10 to 40% of the total profitability. A possible second cycle for the 2 x 0.5 m 
cassava spacing, enhanced mostly the economic return of the cassava-legume based ISFM 
system as compared to 1 x 1 m cassava spacing for the same system or to cassava mono-
cropping, due to the high market value of legumes, 1 and 0.6 Euro kg-1 for groundnut and 
cowpea, respectively. The dependence of the system’s profitability on legumes means that it 
could vary with the market value of legumes, which depends on the period and demand. 
 
3.4.6 Sustainability analysis and adoptability 
The use of a productive, early maturing cassava genotype (e.g. Yavo), combined with legume 
intercropping and addition of moderate dose of fertilizer can be put forward for achieving 
agricultural intensification in regions with limited resources, as in many parts of Western 
Africa. This system can allow sustaining cassava productivity and protein production via grain 
legumes. The feature of legumes for long-term soil fertility restoration in the agroecosystems is 
determined by its BNF and production of organic matter. Legume residues can increase the soil 
organic matter content and the N pool and improve biological properties that can positively 
affect the productivity of the main or subsequent cropping cycles. At a regional scale, the 
adoption of the tested ISFM technologies could contribute to solving the problem of premature 
harvest of cassava roots. The rapid generation of revenue by legumes, i.e. 4 months after 
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planting cassava, could put farmers in a position allowing them to postpone the harvest of the 
cassava until full maturity. Applied to regions with similar climate, but allowing full maturity, 
the productivity of the ISFM system is expected to be much larger, as cassava could fully 
benefit from the nutrients added for optimal tuber production. The ISFM technologies could fit 
to other regions where cassava and legume phenology is not limited by temperature, rainfall 
amount or distribution and inherent poor soil fertility. 
In the context of early harvest, the application of the ISM approach did not substantially 
increase cassava yield. Yields of both improved cassava varieties in the actual system were far 
below those reported in the literature by Bakayoko et al. (2007) for variety Yavo (61 to 75 t ha-
1) in a cassava-legume rotation and by Akanza and Yao-kouamé (2011) for Bocou 1 (40 to 63 t 
ha-1) with chicken manure and mineral fertilizer combination. However, the abovementioned 
yields were achieved in different ecological zones in Côte d’Ivoire and at complete maturity of 
the crop (12 to 15 months). Moreover, the premature harvested cassava yield in the ISFM 
treatments was much higher than the 6 t ha-1 average cassava yield reported for the country 
(FAO, 2014). We stress that early harvest of cassava roots is a real challenge in our study area 
and is driven by the increasing demand for cassava-derived products and the scarcity of land to 
expand cultivation. This practice is exacerbated by the urgent needs for cash (e.g. to send 
children to school) that offers farmers often no other option, but uprooting the cassava to 
generate immediate incomes. The increasing demand for cassava is explained by its prominent 
role as a staple food for the local population and the growing needs to feed people in the 
densely populated city of Abidjan (economic capital) located at 15 and 50 km distance from 
Dabou and Bingerville, respectively. The high pressure on land is also a result of a competition 
with industrial crops such as rubber, oil palm and coconut, which occupy a great part of the 
arable land leaving only small plots of (marginal) land for growing cassava. The scarcity of 
land has led to continuous cultivation and together with the lack of fertilizer inputs resulted in 
overall poor soil fertility. The high levels of phosphorus in the soils can be explained by 
previous utilization of the experimental plots for fertilized oil-palm plantation before 
converting to cultivation of cassava. Because the cassava is normally not fertilized, this likely 
resulted in fixation and accumulation of phosphorus due to the strong acidity of the soils. In 
addition, the clearance of the experimental sites by burning, in accordance with the local 
practices, could have contributed to the higher levels of phosphorus in the soil through ash 
depositions, given that the soil samples were collected immediately after this operation. 
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A complementary benefit of the technology consists in production of legume leaves and grains 
rich in protein, which more than make up for cassava yield reduction effects, allowing 
smallholder farmers to diversify diets and increase profitability. The use of legume leaves as 
fodder for animals or vegetables for human consumption may ensure food security, even 
though this practice could impair the restoration of soil fertility throughout the system if animal 
manure is not returned to the field. 
 
3.5 Conclusions 
Our study showed that legume intercropping of cassava combined with application of a 
moderate dose of (mineral or organic) fertilizer is a suitable option to enhance productivity and 
profitability of cassava systems, but the extent of such effects is site specific. The most 
effective low-input integrated soil fertility technology for improving early harvest cassava 
production was groundnut intercropping combined with manure in Dabou and mineral fertilizer 
in Bingerville, and cassava variety Yavo grown at 2 m x 0.5 m spacing. Treatments whereby 
legumes were grown without fertilizer amendments showed reduced legume grain yields and 
BNF, as well as reduced cassava yields. Attention should be given to better synchronization of 
fertilizer and legume residue applications and cassava harvest period by adjusting legume 
sowing or cassava harvesting dates in order to avoid temporary N shortages resulting from N 
immobilization. 
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Chapter 4 
Effect of Integrated Soil Fertility Management on disease severity and 
cassava quality in southern Côte d’Ivoire 
 
Abstract 
Cassava production in southern Côte d’Ivoire is constrained by the lack of sustainable farming 
technologies, such as scarcity of drought and disease resistant cassava varieties, fertilizer and 
pesticides inputs. This study aims to evaluate the effects of integrated soil fertility management 
(ISFM) systems on severity of cassava mosaic and anthracnose diseases and on cassava quality 
parameters (dry matter, starch and hydrogen cyanide contents). To this end, field experiments 
were carried out at two locations (Dabou and Bingerville) during the 2012-2013 cropping 
season, as a split-split-plot design with three factors in three replications: cassava genotype 
(improved varieties Yavo, Bocou 1 and local variety Yace), cassava spacing (2 x 0.5 m and 1 x 
1 m), and nutrient management (manure at 5 t ha-1 or mineral NPK fertilizer at 50 kg ha-1, and 
legume intercropping with cowpea or groundnut). Overall, nutrient management did not affect 
the severity of both cassava diseases. Cassava mosaic disease (CMD) was less prominent for 
improved varieties Yavo and Bocou 1 (average scores of 1.1 and 1.2, respectively), compared 
to the local variety Yace which scored 2.8 on a 1-5 scale. In general, the ISFM treatments did 
not significantly affect cassava tuber quality. HCN content of tubers was decreased when more 
K was added through manure recommended dose application. Dry matter content was ca. 10% 
lower in Bingerville (lower fertility site) for both varieties Yace and Bocou 1 in treatment with 
cowpea and without fertilizer addition. The ISFM system that provided resilience to CMD and 
sustained quality cassava production appears as a suitable strategy for achieving sustainable 
intensification of cassava cultivation. However, adoption of this technology depends on the 
ability of the smallholder farmers to own or purchase nutrients resources and improved cassava 
genotypes that need to be addressed. 
Key words: Diseases control, Integrated Soil Fertility Management, Manihot esculenta, 
Productivity, Tuber quality, West Africa 
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4.1. Introduction 
Cassava (Manihot esculenta Crantz) is one of the major food crops widely grown in tropical 
and sub-tropical countries primarily for its tuberous roots, used for human consumption and 
animal feeds (El-Sharkawy, 2006). As in many parts of Africa also the cassava leaves are 
widely consumed in Côte d’Ivoire (Achidi et al., 2005). Beyond this traditional role of cassava 
for large scale food insecurity alleviation, it has become an income generating crop, 
increasingly used as raw material for food, bio-fuel, starch and adhesive materials industries 
(Doue et al., 2015). Despite this critical importance of cassava for human wellbeing, its 
cultivation is afflicted with many constraints as a result of application of weak technologies, 
poor adapted varieties and the use of marginal to depleted soils. Cassava production is affected 
by various pests and diseases (Ntawuruhunga et al., 2007), which, in addition to soil nutrients 
depletion, result in large yield gaps. The major disease threats of cassava in Africa include 
cassava mosaic disease (CMD) transmitted by a whitefly (Bemisia tabaci) and cassava 
anthracnose disease (CAD) caused by Colletotrichum gloeosporioides (Alabi et al., 2011; 
Toualy et al., 2014). CMD is estimated to lead to a production loss of 25-50% in Africa. Yield 
reduction due to cassava mosaic virus could reach 50 to 75%, especially in regions where 
susceptible varieties are grown and inefficient agronomic practices are applied (Tresh et al., 
1997; Wydra and Verdier, 2002).  
Attempts to control cassava diseases in many tropical agro-ecological zones have been much 
focused on the introduction of more tolerant varieties and the application of crop protection 
products (Bellotti et al., 1992). Unfortunately, in southern Côte d’Ivoire, smallholder farmers 
have no access to resistant/tolerant cassava varieties (N’zué et al., 2005 and 2014), and without 
application of fertilizer and crop protection products due to unaffordable cost and availability. 
Furthermore, the application of fertilizer in subsistence farming is further hampered by the 
elusive perception of farmers that fertilizer can deteriorate the quality of products. Therefore, 
biological control methods by using tolerant varieties in combination with good agronomic 
practices would be necessary to obtain resilience to pests and diseases for achieving sustainable 
intensification of cassava production (Bellotti et al., 1992). In line with the above, Integrated 
Soil Fertility Management (ISFM) approach that combines: 1) use of improved varieties, 2) 
modest mineral fertilizer rates, 3) organic matter management and 4) adaptation to local 
conditions, could offer such options (Pypers et al., 2011; Vanlauwe et al. 2014). However, the 
extent to which full ISFM systems affect cassava disease severity and tuber quality has not 
received much attention.  
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We hypothesized that the integration of ISFM components can mitigate cassava (mosaic and 
anthracnose) diseases intensity and improve the tuber quality (dry matter, starch, hydrogen 
cyanides contents) in poor soils. 
 
4.2. Material and methods 
4.2.1 Experimental sites 
Two ISFM experiments were carried out on farm during the 2012-2013 cropping season, one at 
Dabou, and another one at Bingerville in southern Côte d’Ivoire (see details in chapter 3). 
  
4.2.2 Experimental setup 
The experimental setup, design, and the different treatment are detailed in chapter 3. 
 
4.2.3 Data collection 
4.2.3.1 Assessment of diseases symptoms 
The individual plots were inspected for disease symptoms at 6 months after planting (MAP), 
and the disease scores were recorded for each cassava stand, by rating plants on a 1 to 5 scale, 
as described by Hahn et al. (1980). For cassava mosaic disease (CMD) these ratings were:  1 = 
no symptoms, apparently healthy plant, 2 = light mosaic, slight chlorotic aspect of the leaves, 
slight deformation, 3 = medium mosaic, shrinkage and deformation of the lower third of the 
leaf, 4 = strong mosaic, shrinkage and deformation of the lower half of the leaf, stunting of the 
plant, 5 = severe mosaic, deformation of the leaf on at least four fifth, pronounced stunting of 
the plant. 
For cassava anthracnose disease (CAD) these ratings were: 1 = no symptoms, apparently 
healthy plant, 2 = few superficial cankers on stems, leaf yellowing and defoliation, 3 = many 
deep cankers on stems, leaf yellowing and defoliation, 4 = deep canker lesions, leaf yellowing, 
stems deformation, 5 = severe anthracnose, severe canker lesions, defoliation, and necrosis of 
plant tip. The total of 35 and 36 cassava plants for S1 and S2, respectively, was inspected for 
symptoms of both diseases, and the scores were recorded for the individual plots. The average 
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scores of the individual plots were used to compare the effect of treatments and effect of the 
cassava varieties. 
4.2.3.2 Tuber quality analysis 
The most important traits of cassava tubers quality for consumption and processing include dry 
matter, starch and hydrogen cyanides contents. Therefore, cassava was harvested 9 months 
after planting in accordance with the local practices, and abovementioned quality parameters 
were determined on composite samples for the individual plots. 
Dry matter was determined via the AOAC method (AOAC, 1990). Five gram of pulp of each 
sample was oven dried at 105 °C during 24 h. The dry weight obtained was used to calculate 
the dry matter content, as a percentage of fresh tuber weight. 
The starch was extracted from cassava fresh tuber following (Delpeuch et al., 1979). Briefly, 
two kilogram of cassava pulp was ground using a blender (Model 38BL 40 New Hartford, 
Connecticut, USA). The ground material was passed through different sieves (710, 150 and 100 
μm; AFNOR NF X11504, ASTM). The resulting settling of starch milk was stirred in a 4% 
(w/v) sodium chloride solution for deproteination and further dried in a ventilated oven 
(MEMMERT 854 Schwachbach, Germany) at 45°C for 48 h. The resulting product was finely 
ground using a drier mill (IKA, K M20, Staufen, Germany) and passed through a sieve (100 
μm; AFNOR NF X 11504, ASTM). The weight of this end-product was used to calculate the 
starch content, as a percentage of the fresh tuber weight. 
The hydrogen cyanide (HCN) content of cassava tuber was determined by the alkaline titration 
method (Holleman and Aten, 1956). Twenty seven grams of fresh tuber cassava pulp were 
macerated for 18 h in 200 ml of water. The macerate was steam distilled and collected in a 5% 
(w/v) NaOH solution. The cyanide solution obtained was titrated with a solution of silver 
nitrate (AgNO3, 0.02 N), in presence of potassium iodide 5%. After the titration, the amount of 
HCN was calculated as followed:  
HCN (g) = 1.8 x volume (ml) 0.02 N AgNO3 
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4.2.4 Statistical analysis 
A general linear model (GLM) was used to analyze disease and quality data with SPSS 
(Statistical Package for Social Science, version 21) software. The effect of factors was assessed 
at p < 0.05 and for significant effects, post-hoc analyses were performed using Tukey’s test. 
 
4.3 Results 
4.3.1 Treatment effects on disease severity 
4.3.1.1 Mosaic disease severity 
The disease scores of cassava mosaic disease (CMD) for the different ISFM treatments are 
shown in Table 4.1. There were no significant differences (p > 0.05) for treatments and spacing 
on the severity of CMD for the individual cassava varieties at both locations. No statistically 
significant (p > 0.05) interaction effects were found for both locations. However, cassava 
variety had a highly significant (p < 0.01) effect on CMD disease severity for both spacings at 
both locations. In Dabou, the average disease score of CMD for both spacings ranged from 1.1 
to 1.6, 1.0 to 1.1 and 2.5 to 3.1 for the improved cassava varieties Bocou 1, Yavo and the local 
variety Yace, respectively. In Bingerville, the average disease score of CMD ranged from 1.1 to 
1.3, 1.0 to 1.2 and 2.5 to 2.8, respectively, depending on treatments. 
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4.3.1.3 Anthracnose disease severity 
The disease scores of cassava anthracnose disease (CAD) for the ISFM treatments are shown in 
Table 4.2. There were no significant differences (p > 0.05) for treatment, spacing and cassava 
variety on severity of CAD at both locations. No statistically significant (p > 0.05) effects of 
interactions were found for both locations. The disease scores of CAD ranged from 1.6 to 2.0 
for the different cassava varieties for both spacings in Dabou and Bingerville, depending on 
treatments. 
 
4.3.2 Treatment effects on tuber yields 
There was no significant (p > 0.05) effect of cassava spacing on tuber yields for both sites. 
Highly significant differences in fresh tuber yield were observed between treatments for the 
individual cassava varieties at both locations (p < 0.0001). There were also significant 
differences in tuber yields between the three cassava varieties at both locations. The improved 
variety Yavo performed better than Bocou 1 and Yacé in nearly all treatments, but gave similar 
yields to the other varieties for the treatments including cowpea with or without fertilizer 
amendments. The local variety Yace gave similar or higher yields compared to the improved 
variety Bocou 1 depending on treatments. Cassava tuber yield was increased for groundnut plus 
manure or mineral NPK fertilizer in Dabou and Bingerville, respectively. Legumes without 
fertilizer addition did not give higher cassava tuber yields or even reduced yields for all cassava 
varieties in both locations compared to the control treatment (no inputs) (details are given in 
chapter 3, Table 3.2). 
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4.3.3 Treatment effects on tuber quality 
4.3.3.1 Dry matter content 
The dry matter contents of cassava tuber for the different ISFM treatments are shown in Table 
4.3. There were no significant differences in average dry matter contents (p > 0.05) between 
cassava varieties or crop spacing at both locations. There were no significant (p > 0.05) 
differences for treatment for variety Yavo at both locations. Significant differences for 
treatment were observed for varieties Bocou 1 and Yace in Bingerville, where the dry matter 
content of tuber decreased when cowpea was intercropped without fertilizer addition. However, 
cowpea with fertilizer addition to cassava did not affect tuber dry matter content for the same 
cassava varieties. The average dry matter contents of tuber for the different cassava varieties 
ranged from 39 to 43% in Dabou and Bingerville, depending on cassava varieties. 
 
4.3.3.2 Starch content 
There were no significant differences (p > 0.05) between cassava varieties or crop spacings in 
starch contents of tuber at both locations. There were no significant differences (p > 0.05) for 
treatment for the different cassava varieties at both locations. The average starch contents of 
tuber for the different cassava varieties ranged from 20.6 to 26.7% in Dabou and Bingerville, 
depending on cassava varieties (Table 4.4). 
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4.3.3.3 Hydrogen cyanide content 
There were no significant (p > 0.05) differences in cyanide contents between cassava varieties 
or spacings at both locations (Table 4.5). There were no significant differences (p < 0.05) for 
treatment for cassava variety Yavo at both locations. In Dabou, significant differences (p < 
0.05) were observed for varieties Yace and Bocou 1, especially for spacing S2. The cyanides 
content was decreased for manure reference dose for variety Bocou 1 and Yace, e.i. 5.0 and 4.0 
mg kg-1, respectively. The other ISFM treatments did not affect tuber cyanide contents which 
ranged from 6.0 to 8.0 mg kg-1. In Bingerville, significant (p < 0.05) differences for treatment 
were observed for variety Bocou 1 for both spacings. For variety Bocou 1, the hydrogen 
cyanide content of tuber was decreased for manure reference dose, i.e.4.0 mg kg-1 for both 
spacings. The cyanide contents of the other ISFM treatments ranged from 6.0 to 9.0 mg kg-1 
and 5.0 to 8.0 mg kg-1 for spacing S1 and S2, respectively, for the same cassava variety. On 
average, the hydrogen cyanide contents ranged from 5.0 to 7.0 mg kg-1 for both locations, 
depending on cassava varieties. 
4.3.4 Disease effects on cassava yields 
There were no significant (p > 0.05) correlations between the severity of cassava mosaic or 
anthracnose disease and fresh roots yields or quality parameters (dry matter, starch and cyanide 
contents) at both locations. 
Ef
fe
ct
 o
n 
ca
ss
av
a 
di
se
as
e 
an
d 
qu
al
ity
  
85
 
 Ta
bl
e 
4.
5 
Tu
be
r H
C
N
 c
on
te
nt
 (m
g 
kg
-1
) o
f t
he
 lo
ca
l a
nd
 im
pr
ov
ed
 c
as
sa
va
 v
ar
ie
tie
s 
fo
r I
SF
M
 tr
ea
tm
en
ts
 a
nd
 tw
o 
ca
ss
av
a 
sp
ac
in
gs
; d
iff
er
en
t s
m
al
l l
et
te
rs
 p
er
 
co
lu
m
n 
in
di
ca
te
 s
ig
ni
fic
an
t d
iff
er
en
ce
 fo
r t
re
at
m
en
ts
; d
iff
er
en
t c
ap
ita
l l
et
te
rs
 fo
r m
ea
ns
 in
di
ca
te
 si
gn
ifi
ca
nt
 d
iff
er
en
ce
 fo
r v
ar
ie
tie
s 
at
 p
 <
 0
.0
5;
 v
al
ue
s b
et
w
ee
n 
br
ac
ke
ts
 a
re
 st
an
da
rd
 d
ev
ia
tio
ns
; *
 C
V
 =
 c
oe
ff
ic
ie
nt
 o
f v
ar
ia
tio
n 
IS
FM
 tr
ea
tm
en
ts
 
H
ig
he
r 
fe
rt
ili
ty
 si
te
: D
ab
ou
 
Lo
w
er
 fe
rt
ili
ty
 si
te
: B
in
ge
rv
ill
e 
Y
ac
e 
Lo
ca
l 
B
oc
ou
 1
 
Im
pr
ov
ed
 
Y
av
o 
Im
pr
ov
ed
 
Y
ac
e 
Lo
ca
l 
B
oc
ou
 1
 
Im
pr
ov
ed
 
Y
av
o 
Im
pr
ov
ed
 
Sp
ac
in
g 
S1
 (1
 m
 x
 1
 m
) 
 
 
 
 
 
 
C
ow
pe
a 
4.
0 
(3
.0
)a  
8.
0 
(5
.0
)a  
4.
0 
(1
.0
)a  
6.
0 
(0
.0
)a  
9.
0 
(2
.0
)a  
8.
0 
(3
.0
)a  
C
ow
pe
a 
+ 
lo
w
 N
PK
 
6.
0 
(1
.0
)a  
5.
0 
(1
.0
)a  
4.
0 
(0
.0
)a  
8.
0 
(3
.0
)a  
6.
0 
(1
.0
)ab
 
4.
0 
(1
.0
)a  
C
ow
pe
a 
+ 
ha
lf 
m
an
ur
e 
6.
0 
(1
.0
)a  
5.
0 
(2
.0
)a  
4.
0 
(1
.0
)a  
6.
0 
(1
.0
)a  
9.
0 
(2
.0
)a  
6.
0 
(4
.0
)a  
M
an
ur
e 
re
fe
re
nc
e 
do
se
 
5.
0 
(2
.0
)a  
6.
0 
(3
.0
)a  
3.
0 
(1
.0
)a  
5.
0 
(4
.0
)a  
4.
0 
(1
.0
)b  
5.
0 
(4
.0
)a  
C
on
tro
l 
5.
0 
(1
.0
)a  
5.
0 
(1
.0
)a  
4.
0 
(3
.0
)a  
7.
0 
(2
.0
)a  
8.
0 
(3
.0
)ab
 
5.
0 
(0
.0
)a  
M
ea
n 
5.
0 
(2
.0
)A
 
6.
0 
(3
.0
)A
 
4.
0 
(1
.0
)A
 
7.
0 
(2
.0
)A
 
7.
0 
(2
.0
)A
 
6.
0 
(3
.0
)A
 
Si
gn
ifi
ca
nc
e 
le
ve
ls
 
C
V
* 
0.
58
 
21
.0
 
0.
55
 
23
.5
 
0.
90
 
8.
4 
0.
59
 
16
.7
 
0.
03
 
30
.4
 
0.
53
 
23
.6
 
Sp
ac
in
g 
S2
 (2
 m
 x
 0
.5
 m
) 
 
 
 
 
 
 
C
ow
pe
a 
7.
0 
(1
.0
)ab
 
7.
0 
(2
.0
)ab
 
4.
0 
(2
.0
)a  
7.
0 
(2
.0
)a  
5.
0 
(1
.0
)ab
 
7.
0 
(3
.0
)a  
C
ow
pe
a 
+ 
lo
w
 N
PK
 
8.
0 
(0
.0
)a  
6.
0 
(1
.0
)ab
c  
5.
0 
(1
.0
)a  
7.
0 
(1
.0
)a  
5.
0 
(1
.0
)ab
 
5.
0 
(2
.0
)a  
C
ow
pe
a 
+ 
ha
lf 
m
an
ur
e 
8.
0 
(1
.0
)a  
8.
0 
(1
.0
)a  
7.
0 
(2
.0
)a  
8.
0 
(0
.0
)a  
5.
0 
(1
.0
)ab
 
6.
0 
(4
.0
)a  
M
an
ur
e 
re
fe
re
nc
e 
do
se
 
5.
0 
(2
.0
)b  
4.
0 
(1
.0
)c  
4.
0 
(1
.0
)a  
5.
0 
(1
.0
)a  
4.
0 
(1
.0
)b  
6.
0 
(3
.0
)a  
C
on
tro
l 
6.
0 
(1
.0
)ab
 
5.
0 
(1
.0
)bc
 
5.
0 
(1
.0
)a  
6.
0 
(2
.0
)a  
8.
0 
(2
.0
)a  
5.
0 
(3
.0
)a  
M
ea
n 
7.
0 
(2
.0
)A
 
6.
0 
(2
.0
)A
 
5.
0 
(3
.0
)A
 
7.
0 
(1
.0
)A
 
6.
0 
(2
.0
)A
 
6.
0 
(3
.0
)A
 
Si
gn
ifi
ca
nc
e 
le
ve
ls
 
C
V
* 
0.
02
 
20
.0
 
0.
00
4 
25
.0
 
0.
06
 
26
.1
 
0.
19
 
15
.7
 
0.
03
 
26
.7
 
0.
96
 
11
.0
 
Chapter 4 
86 
4.4 Discussion 
4.4.1 Cassava diseases severity 
While there is consensus about the effects of fertilizer amendment on crop yields (i.e. 
agronomic efficiency), there are contradicting reports in the literature on the effects on the 
severity of cassava diseases. Sseruwagi et al. (2003) did not observe significant effects of 
mineral fertilizer on severity of CMD in response to the application of 250 kg ha-1 NPK 46-19-
60. However, Muengula-Manyi et al. (2012) reported a significant increase of CMD severity
for both improved and local cassava varieties following the application of mineral fertilizer 300
kg ha-1 NPK 17-17-17. Other findings have stressed a nutrient balance to control CMD (Ogbe
et al., 1993). Moreover, the control of cassava diseases, particularly CMD, has been focused on
genotypic characteristics of the cassava rather than on nutrient management (Asare et al.,
2014). In this experiment, the improved cassava varieties showed less severe symptoms of
CMD compared to the local variety. The difference between the cassava varieties clearly
demonstrates the CMD tolerant traits of the improved varieties Bocou 1 and Yavo as opposed
to the susceptibility of the local variety Yace. However, the effects of variety on severity of
CAD were not significant, and both improved and local cassava varieties showed light severity
of CAD at both locations. The low disease pressure for CMD as well as CAD observed for the
different cassava varieties explain the non-significant effects on tuber yields and quality (dry
matter, starch and cyanide contents). This indicates that disease incidence was not a severe
problem for productivity of the cassava; hence the yield increases in ISFM treatments was an
effect of legumes and manure or mineral fertilizer addition. Furthermore, varietal reaction to
both cassava diseases did not differ significantly (p > 0.05) between the higher and lower
fertility sites. This corroborates findings from Toualy et al. (2014) from a survey carried out in
the major cassava growing regions of Côte d’Ivoire, and who reported that the average disease
score of CMD from 3.2 to 3.7 was independent of the agro-ecological zone. Significant and
negative correlations between CMD incidence (r=0.44) or cassava bacterial blight (CBB)
incidence (r=0.45) and cassava fresh root yields were observed by Fokunang et al. (2000). The
low disease pressures for all the cassava varieties in the ISFM experiments can be related to the
quality of the cuttings, which were taken from plants without apparent disease symptoms and to
crop management. The composting of manure, land preparation by burning and timely weeding
that potentially eliminate a great part of plant pathogens are among the reasons underlying this
response of the cassava varieties. This indicates, for intensification, the necessity to integrate
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the agronomic control measures to address the problems of diseases and low yields that result 
(Msikita et al., 2000). 
 
4.4.2 Cassava tuber quality 
4.4.2.1 Dry matter content 
In general, ISFM treatments did not significantly affect cassava tuber dry matter contents. 
However, dry matter content decreased for varieties Bocou 1 and Yace when the cowpea was 
intercropped without fertilizer addition to cassava plants for the lower soil fertility site in 
Bingerville. Dry matter decreased by ca. 10 % for varieties Yace and Bocou 1, compared to the 
control (no inputs). This reduction of dry matter could be related to nutrients competition 
between cassava and cowpea in the lower fertility soil (details in chapter 2). The difference in 
tuber dry matter content between cassava varieties in treatment with cowpea and without 
fertilizer addition can be related to genotypic characteristics. The genotypic characteristics 
explain potential differences in synthesis and translocation of carbohydrates. Moreover, the 
genotypic differences can be related to nutrient use efficiency under low soil fertility, 
particularly K which is required for building up the storage roots. 
 
4.4.2.2 Starch content 
There were no significant differences (p > 0.05) between cassava varieties as well as treatments 
with respect to effects on tuber starch contents. Furthermore, no significant correlations of 
cassava disease incidence and tuber starch content were observed for the different cassava 
varieties at both locations. The non significant effect of treatments on root starch contents can 
be related to poor soil fertility and pre-mature harvest. The non-significant effect of cassava 
variety that was observed indicates that treatments that improve root yield in the poor soil 
conditions result also in starch yield increases. This indicates that cassava root yield increment 
for ISFM treatment that resulted in starch yield increases was not affected by disease effects. 
Hence variety Yavo combined with groundnut intercropping and manure or mineral fertilizer 
addition can be advocated as suitable agronomic technology for starch production. 
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4.4.2.3 Hydrogen cyanide content 
The cyanogenic glycosides are toxic compounds, the biosynthesis of which occurs naturally in 
plants and mainly in response to environmental stresses. The cyanogenic glycosides content of 
cassava has been reported to be affected by growing conditions and genetic characteristics of 
cultivars (Cardoso et al., 2005; Sher et al., 2011). In this experiment, the application of the 
manure reference dose decreased the hydrogen cyanides (HCN) contents by 17 and 40% for 
varieties Yace and Bocou 1, respectively, in Dabou; and by 50% for Bocou 1 in Bingerville. 
The effects of treatment on tuber HCN content were not significant (p > 0.05) for variety Yavo 
despite a slight decrease observed with the manure reference dose application. This result is in 
line with Nur Faezah et al. (2013) who reported for similar soil conditions (Sandy loam soil, pH 
5.7) decreases in cyanides glycosides content of cassava from 5.1 to 4.0 mg kg-1, with 
application of equivalent (180 kg K2O ha-1) via organic manure. Cyanogenic glycosides of 
plants were shown to increase under non-optimal growth conditions (Gleadow and Moller, 
2014). However, soils in the study area are poor and acid (details in chapter 2), low in K 
content (< 0.05 cmol kg-1), which is well-known to be important in synthesis and translocation 
of carbohydrates (Abd El-Baky et al., 2010). The amount of potassium added with the 
recommended manure dose was 43 kg K ha-1, which likely improved cassava nutrition and 
carbohydrates synthesis, and resulted in reduction of HCN production. 
 
4.4.3 Suitability of the ISFM 
The modest application rates of (manure or mineral) fertilizer in combination with legumes 
intercropping had no significant effects on the severity of both cassava diseases; whereas the 
advanced cassava varieties reduced the pressure of CMD significantly. Further, implementation 
of ISFM showed potential for increasing cassava yields. The implementation of ISFM did not 
affect cassava tuber quality (dry matter, starch and hydrogen cyanide contents), which was 
improved when more K was added via the manure reference dose in a sense that the HCN 
content decreased. This indicates the needs for increasing the application rate of K with the 
ISFM technology in order to improve the quality of the cassava; given that low HCN content is 
a desirable characteristic for cooking or processing of the cassava. The application rate of K 
can be increased by using available crop residues with high K content from fertilized oil-palm 
plantation and organic wastes from agro-industries.  
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The preservation of cassava tuber quality clearly contradicts the perception of farmers, 
recorded via group discussions from a technological innovation plate-form consisted of cassava 
producers, processors and local extension, and which associate fertilizer application to a 
deterioration of cassava tuber quality. The prospective cause underlying this elusive perception 
could be the lack of knowledge on appropriate use of fertilizer. This indicates a need to 
emphasize the implication of local extension for strengthening farmers’ knowledge and 
capacity building on sustainable agricultural practices. Moreover, the adoption of the ISFM 
system could be hampered by availability of improved cassava germplasms and nutrient 
resources. Therefore, the effectiveness of the ISFM system depends on farmers’ ability to own 
or purchase not only the nutrients, but the improved cassava genotypes. This stresses the 
prominent role of the research institutes and extension for releasing more (drought and disease) 
resistant or/and productive cassava genotypes to farmers in order to address the low 
productivity and limit the seasonal shortages of the cassava. 
 
4.5 Conclusion 
In summary, the implementation of ISFM system showed a potential to increase cassava yields 
and control the CMD through the use of improved varieties. Furthermore, this technology did 
not affect the quality of cassava tubers, which was improved when more K was added though 
manure recommended dose application and that decreased HCN contents. This suggests a need 
for increasing the application rate of K with ISFM technology in order to improve the quality of 
the cassava. Definitely, ISFM is a suitable alternative for addressing cassava disease and 
increasing productivity that fits farmers’ resource endowments. A key issue for achieving 
agricultural intensification is the improvement of farmer’s knowledge on the implementation of 
ISFM approach and their ability to own or purchase the nutrients and improved genotypes. 
 

 91 
Chapter 5 
Intensification pathway for improvement of smallholder cassava production 
systems in southern Côte d’Ivoire 
 
Gnahoua, G. J. -B., Ettien, D. J. B, N’zué, B., Ebah, C.., Koné, B.., De Neve, S., Boeckx, P. 
(2016) Intensification pathway for improvement of smallholder cassava production systems in 
southern Côte d’Ivoire. Experimental Agriculture DOI 10.1017/S0014479716000041. 
 
Abstract 
In southern Côte d’Ivoire, cassava ranks first as a food crop. Its production is, however, 
hampered by inherently low soil fertility, a lack of suitable agricultural technologies and 
premature harvest practices driven by a strong demand for cassava coupled to high land 
pressure. Two multilocation trials were carried out in two important cassava-producing areas 
(Dabou and Bingerville) during the 2013-2014 cropping season, in order to assess potential 
intensification pathways through implementation of selected Integrated Soil Fertility 
Management (ISFM) systems. The following cultivation systems were compared: i) “ISFM 
mono-varietal system” using a single disease resistant cassava variety Yavo grown at 2 x 0.5 m 
spacing, combined with chicken manure (5 t ha-1) and intercropped with cowpea, ii) “ISFM 
mixed-varietal system” using alternate lines of two phenotypically different disease resistant 
cassava varieties (Yavo and Bocou1) grown at 2 x 0.5 m spacing, combined with both manure 
(5 t ha-1) and mineral fertilizer (100 kg NPK ha-1), and intercropped with cowpea, and iii) the 
traditional cultivation system with no inputs and non-diseases resistant local varieties.  
Overall, ISFM systems significantly outperformed the local cultivation system, with increased 
profitability mainly driven by revenue from cowpea, which yielded on average 3.1±0.3 t ha-1. 
The average cassava yield was 14.7±7.0, 14.2±6.0, 6.5±3.4 t ha-1 and 13.2±3.4, 12.0±3.7, 
5.7±2.4 t ha-1 for the mono-varietal, mixed-varietal and traditional systems, in Dabou and 
Bingerville, respectively. The average total profitability of the ISFM systems was 2460 Euro 
ha-1; with on average 66% of this total generated by cowpea. In general, productivity of the 
ISFM systems was also hampered by low soil CEC and weeding frequency. Nevertheless, 
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taking into account low farmer’s resource endowment, the tested ISFM systems could be a first 
step to increase cassava productivity and alleviate poverty in southern Côte d’Ivoire. 
Key words: Integrated soil fertility management, Manihot esculenta, Profitability, Vigna 
unguiculata, West Africa 
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5.1 Introduction 
Cassava (Manihot esculenta Crantz) is one of the key food crops worldwide (Burns et al., 
2010) and is valued for food security as well as household income generation in many tropical 
countries (Agwu and Anyaeche, 2007). In Côte d’Ivoire, it is currently the second most 
important food crop next to the yam (Dioscorea spp), contributing 109.7 kg per capita and per 
year to the food supply, with an annual production of ca. 2.5 million tons (FAO, 2014). 
Cassava cultivation is widespread in the country, but is predominantly a subsistence activity for 
smallholder farmers in the southern region, where it serves as the main staple food for the local 
population. In this region, as in many tropical agro-ecological zones, cassava is grown on 
highly weathered, poor to marginal soils (Howeler, 1991; Cadavid et al., 1998) and under 
continuous cultivation conditions. More fertile land is devoted to lucrative cash crops such as 
rubber and oil palm. This practice stems from the perception that cassava more easily adapts to 
poor soil conditions compared to other crops and yields well even in risk-prone environments 
(Johnson and José, 2011). 
However, poor weed management and lack of suitable and profitable agronomic practices are 
major constraints which limit cassava production. Current cropping systems are hampered by 
the scarcity of drought- and disease-resistant cassava varieties, the lack of (mineral) fertilizer 
inputs and, particularly, by the premature harvest of cassava storage roots, i.e. several months 
before optimal yield (which occurs 12 to 24 months after planting). This particular practice is, 
on one hand, a result of a strong increase in the demand for cassava coupled with high land 
pressure. Both result from a high population growth rate, which puts upward pressure on 
demand for this staple crop and limits the amount of land available for cultivation in the region. 
On the other hand, the urgent needs for cash, e.g. to send children to school offers farmers often 
no other option, but uprooting the cassava to generate immediate cash. Intensification of 
production is hampered by poor land use resilience under these conditions and soil nutrient 
depletion. Hence, more sustainable methods of cassava cropping intensification are required 
(Vanlauwe et al., 2014). Smallholder farmers, due to poor resource endowments, should be 
encouraged to use methods which help to ensure efficient use of scarce external inputs 
(Tittonell and Giller, 2013). Advocated approaches include biological N2 fixation (BNF), 
through legume rotation or intercropping (Leihner et al., 1996; Nyi et al., 2014), and/or the 
combined use of moderate mineral fertilizers and organic amendments (Amanullah et al., 2006; 
Anyaegbu et al., 2009). To address these choices, the concept of Integrated Soil Fertility 
Management (ISFM) was implemented in southern Côte d’Ivoire. ISFM is a set of practices, 
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adapted to local conditions, which aim to maximize the agronomic efficiency of applied 
nutrients and improve crop productivity. It focuses particularly on the use of fertilizers, organic 
inputs (e.g. N-rich legume residues) and improved germplasm (Vanlauwe et al., 2010). 
Two on-farm experiments were carried out during the 2012-2013 cropping season in two 
localities (Dabou and Bingerville), characterized by widespread cassava production, in southern 
Côte d’Ivoire following an ISFM demonstration and negotiation phase with local farmers. The 
overall objective of this research was to evaluate, using multilocation trials, the performance 
and degree of acceptability of two selected ISFM systems by resource-poor smallholder 
farmers. More specifically, we aimed to determine the productivity and total profitability of 
both ISFM systems compared to traditional systems. This analysis will identify the most viable 
ISFM systems for sustainable intensification of local cassava production. 
5.2 Material and methods 
5.2.1 Study area 
Multilocation trials were carried out for one cassava cropping season from May 2013 to 
February 2014 in southern Côte d’Ivoire, in two locations near the cities Dabou and 
Bingerville, where cassava cultivation is the main subsistence agricultural activity. A total of 
10 farmers were selected from 4 villages in each location, namely Debrimou, Kpass, Opoyou 
and Lopou in Dabou; and Anan, Bregbo, Eloka and Santaï in Bingerville, based on their 
geographical position to take into account variation in soil conditions. The rainfall pattern in 
the area is bimodal, with a long rainy season from March to June and a short one from October 
to November, followed by a short and long dry season, respectively. Rainfall collected from the 
meteorological station of the local CNRA (National Center for Agronomic Research) during 
the growing season was 1032.0 and 961.7 mm in Dabou and Bingerville, respectively, most of 
which occurred in May and June. Annual average temperatures during the cropping season 
were 27.0 and 27.7 °C, respectively. Soils are described as acidic, sandy (84 to 96 % sand) 
Ferralsols (USS Working Group WRB, 2014) low in organic matter, CEC and nutrients (see 
further). 
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5.2.2 Selection of ISFM technologies 
The ISFM technologies tested during the multi-location experiments were based on 
participatory research with farmers in Dabou and Bingerville (see chapter 3). To enable farmers 
to select a relevant ISFM-based technology three farmers’ days were organized, one at the 
planting of cassava and the others at legumes and cassava harvest, respectively. The criteria 
used for technology selection included yields and profitability of the systems, resilience to pest 
and disease (CMD), appreciation of cooked or processed cassava by the farmers, and the 
availability of resources. The most viable technologies were “groundnut + half manure dose” in 
Dabou and “groundnut + NPK” in Bingerville, which increased significantly both legume and 
cassava yields, in particular when variety Yavo was used. Overall, Yavo was found to be the 
best-bet cassava variety, and groundnut the best intercrop for cassava. However, groundnut 
intercropping was discarded for the multi-location trials by farmers because of animal pests 
(birds and rats), which is associated with its cultivation. Cowpea was instead selected as 
intercrop for cassava, due to its improved grains and residue biomass production compared to 
groundnut. The cassava variety Bocou 1 was also selected by farmers for its vigorous growth 
with a good ability to shade-out weeds. Hence, a mixed-cassava varietal system, including 
contrasting cassava varieties Yavo and Bocou 1, were used in the multi-location experiments. 
The application rate of mineral fertilizer with the mixed-varietal system was adjusted to 100 kg 
NPK ha-1 because of the low soil fertility. 
 
5.2.3 Experimental setup 
Twenty cassava smallholder farmers were selected based on their involvement in the previous 
on-farm ISFM demonstration trials. Prior to the experiments, farmers were given technical 
training on the implementation of the selected ISFM systems. This support included technical 
operational procedures and estimation of labor and other input cost and yields. Two ISFM 
systems were implemented along with a current traditional cassava cropping system as control. 
Two contrasting cassava mosaic disease (CMD) tolerant varieties, one early maturing, drought 
tolerant variety (Yavo) harvested at 9 months after planting (MAP), and a late maturing variety 
(Bocou 1) with the ability to shade-out weeds harvested at 12 MAP, were used together with 
cowpea intercropping and the application of chicken manure (5 t ha-1 dry matter) and an 
adjusted dose (100 kg ha-1) of compound fertilizer 15-15-15 (in terms of N-P2O5-K2O), as 
further detailed below. The applied mineral fertilizer dose was adjusted to 100 kg-1 in the 
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multilocation experiments for the low soil fertility. The traditional cultivation system (C) was 
characterized by the use of local cassava varieties without legume intercropping and with a 
variable cassava planting distance. In the ISFM mono-varietal system (S), the CMD resistant 
cassava variety Yavo was grown at 2 x 0.5 m spacing, combined with cowpea intercropping 
and the application of chicken manure (5 t ha-1). In the ISFM mixed-varietal system (M), both 
phenotypically different CMD resistant cassava varieties (Yavo and Bocou 1) were planted in 
alternating lines at 2 x 0.5 m spacing, combined with cowpea intercropping and both manure (5 
t ha-1) and mineral NPK fertilizer (100 kg ha-1) application. Plant materials for the two 
improved varieties were provided to farmers by the national extension service (ANADER). The 
three systems were implemented and managed by individual farmers themselves in both 
locations under the supervision of extension officers from ANADER at the onset of the rains in 
May 2013. Research staff was involved during the harvest of legumes and cassava on ‘farmers’ 
day’ for data collection. In the fields, each ISFM system was assigned one block (50 x 14 m in 
size) in order to streamline the field operations and to allow estimation of labor input per 
system. The spacing between blocks was 3 m and complete field size was 50 x 50 m. The 
blocks for the ISFM systems were composed of eight lines of cassava. Blocks were further 
divided into three sub-blocks of 14 x 16 m in size, used as repetitions. For the ISFM systems, 
cassava stem cuttings of 20 cm length were slanted planted on flat land. 
5.2.4 Description of treatments 
The manure (5 t ha-1) was applied in a circular ditch of 10 cm radius around cassava plants 10 
days after planting. In the mixed-varietal ISFM system, mineral fertilizer (100 kg NPK ha-1) 
was applied together with the manure. The nutrients added were equivalent to 74 kg N ha-1, 28 
kg P ha-1 and 21 kg K ha-1 for manure and 15 kg N ha-1, 6.5 kg P ha-1 and 12.5 kg K ha-1 for 
mineral fertilizer. Cowpea was intercropped 45 days after cassava planting based on previous 
experience. Four rows of legumes (40 x 20 cm) were sown between two lines of cassava. The 
spacing between cassava lines and external cowpea rows was 40 cm. In the mixed-varietal 
system, the lines of cassava alternated between the two varieties (Figure 5.1).  
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Figure 5.1 Cassava and legume spacings for the ISFM mono-varietal (S) and mixed-varietal (M) 
systems; X = cowpea plant;  = cassava variety Yavo;  = cassava variety Bocou 1 
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In the traditional system, stem cuttings of variable length, from one or several local cassava 
varieties were planted on ridges or flat land with a variable cassava planting distance. The 
cassava and cowpea based ISFM system and traditional cassava cultivation system are shown 
in Figure 5.2. 
Figure 5.2 Cassava and cowpea based ISFM system (A) and traditional cultivation system (B) 
implemented in the multi-location trials 
5.2.5 Methods of soil sampling and analyses 
Before the start of the experiments, the fields were cleared by burning. Soils of the different 
fields were sampled (0-20 cm depth) immediately after clearing using an auger. The composite 
samples, composed of all soil cores of the same field, were air dried, grounded and sieved (2 
mm) before analytical processing. The pH was measured using electrode glass in soil/water
(1/2.5) solution. The content of organic carbon (C) was determined by colorimetric
measurement of the amount of Cr2O7 not reduced by C, according to “Walkley and Black”
(Pansu and Gauteryrou, 2003). Total N was measured according to the Kjeldhal method, which
mineralizes the organic matter at 300˚C. The available P was determined by a modified Olsen
method using FNH4 0.5 N + CO3NaH 0.5 N at pH 8.5 for extraction and the amount of
extracted P was determined colorimetrically at 882 nm. Ammonia acetate 1 M at pH 7 was
used for extraction of exchangeable cations (Ca2+, Mg2+, K+, Na+) and the extract was analyzed
by atomic absorption spectrometry (AAS). The CEC was measured following the ammonium
acetate method at pH 7 (Chapman, 1965). The properties of the soils are shown in Table 5.1.
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5.2.6 Data collection 
Weeding frequency (i.e. single, double or triples weeding) for individual fields was recorded by 
the farmers. Cowpea was harvested at 3 months after cowpea-planting and their residues were 
applied as mulch between cassava plants. Cassava was harvested at 9 months after planting, in 
accordance with local practices. Cassava and cowpea plants harvested from the center of each 
sub-block were used for yield estimation. Cassava root yield was estimated on a fresh weight 
basis. Cowpea yield was determined on a sun-dried grain basis. The economic return or 
profitability of a given system was calculated by subtracting the production cost from the total 
income generated Profitability = (Yield x Price – Production cost), based on farm gate prices of 
0.07 and 0.6 Euro kg-1 for fresh cassava roots and sun-dried cowpea, respectively. The 
calculation of total cost of production included labor costs for all field operations (land 
clearing, tillage, planting, fertilizers and/or manure applications, weeding, harvesting) and an 
input cost of 0.6 and 0.03 Euro kg-1 for mineral fertilizer and manure, respectively. The cost of 
labor for the specific field operations was calculated by the national extension service, and for 
the study areas was set at 0.52 Euro hour-1. 
5.3 Results 
5.3.1 Agronomic performance 
There was a significant (p=0.000) field variability for cowpea and cassava productions for the 
different cultivation systems in both locations (Table 5.2). The cowpea grain yields for the 
ISFM system ranged from 1.3±0.2 to 4.3±0.3 t ha-1 and 1.4±0.1 to 4.6±0.1 t ha-1 for the mono-
varietal and mixed-varietal systems, respectively, in Dabou; and ranged from 1.2±0.1 to 
4.7±0.6 and 1.5±0.1 to 4.9±0.6 t ha-1, respectively, in Bingerville. The cassava fresh root yields 
ranged from 3.1±1.7 to 13.7±0.5, 8.8±0.3 to 31.7±11.0 and 7.0±1.3 to 27.0±5.8 t ha-1 for the 
local, ISFM mono-varietal and mixed-varietal systems, respectively, in Dabou; and ranged 
from 2.3 ± 0.6 to 8.5±1.3, 6.8±0.8 to 17.1±5.4 and 6.6±2.0 to 19.0±9.4 t ha-1, respectively, in 
Bingerville. There were highly significant (p=0.001) differences in cassava fresh root yields 
between the different cultivation systems (Table 5.3). Cassava yield increased for the ISFM 
systems compared to the traditional system in both locations. A statistically similar cassava 
yield was observed for both ISFM systems in both locations.   
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Around Dabou, the average cassava fresh root yield was 6.5±3.4, 14.7±7.0 and 14.2±6.0 t ha-1 
for the local, ISFM mono-varietal and mixed-varietal systems, respectively. Around 
Bingerville, the cassava fresh root yield was 5.7±2.4, 13.2±3.4 and 12.0±3.7 t ha-1, respectively.  
There were no significant (P > 0.05) differences in cowpea yields between the ISFM system S 
and M in both locations (Table 5.3). The average cowpea yield observed for both ISFM 
systems was 3.3±1.0 and 2.8±1.3 t ha-1 in Dabou and Bingerville, respectively. 
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Table 5.2 Variability of cowpea dry grain and fresh cassava root yields (t ha-1) for local system (C), 
ISFM mono-varietal (S) and mixed-varietal (M) systems across fields; different small letters per column 
indicate significant difference for fields at p < 0.05 and values between brackets are standard deviations; 
*CV (%) = coefficient of variation
Cowpea grain yields (t ha-1) Cassava fresh root yields (t ha-1) 
System S System M System C System S System M 
Dabou location 
Field 1 1.3 (0.2)b 1.4 (0.1)e 4.0 (0.5)cde 14.2 (2.3)bc 7.0 (1.3)d 
Field 2 3.4 (0.3)ab 3.6 (0.1)bc 7.8 (0.8)bc 17.0 (1.6)bc 12.4 (4.0)bcd 
Field 3 1.8 (0.5)cd 2.2 (0.4)ef 3.1 (1.5)e 12.1 (1.0)bc 9.0 (2.0)cd 
Field 4 4.1 (0.1)a 4.2 (0.2)abc 7.6 (3.3)bcd 12.3 (1.4)bc 11.7 (1.2)bcd 
Field 5 4.3 (0.1)a 4.6 (0.1)a 6.7 (1.4)bcd 9.7 (2.1)bc 19.1 (1.8)ab 
Field 6 2.5 (0.2)bcd 2.7 (0.1)de 3.5 (0.3)de 10.6 (1.0)bc 11.8 (2.6)bcd 
Field 7 3.3 (1.0)ab 3.4 (0.8)cd 9.8 (0.3)ab 20.1 (3.6)ab 18.5 (4.2)abc 
Field 8 2.7 (0.1)bc 2.6 (0.3)de 4.4 (2.0)cde 8.8 (0.3)c 14.0 (4.6)bcd 
Field 9 4.3 (0.2)a 4.4 (0.2)ab 4.3 (0.6)cde 10.6 (1.6)bc 11.2 (3.9)bcd 
Field 10 4.3 (0.3)a 4.5 (0.1)ab 13.7 (0.5)a 31.7 (11.0)a 27.4 (5.8)a 
Significance 
levels 
0.000 0.000 0.000 0.000 0.000 
CV* 34.0 32.3 52.0 47.0 42.3 
Bingerville location 
Field 1 1.6 (0.2)de 1.5 (0.2)e 2.3 (0.6)e 11.3 (4.6)abc 6.6 (2.0)b 
Field 2 1.3 (0.2)e 1.6 (0.1)de 8.4 (1.5)a 16.1 (4.5)ab 16.1 (1.0)ab 
Field 3 1.5 (0.2)de 1.7 (0.2)de 8.0 (0.7)ab 16.7 (2.0)ab 11.7 (1.2)ab 
Field 4 1.2 (0.1)e 1.4 (0.1)e 3.1 (1.4)de 6.8 (0.8)c 9.2 (1.1)ab 
Field 5 2.1 (0.1)d 2.3 (0.1)d 2.4 (0.1)e 11.4 (0.6)abc 9.3 (3.4)ab 
Field 6 4.8 (0.1)a 4.9 (0.3)a 8.5 (1.3)a 17.1 (5.4)a 13.0 (2.0)ab 
Field 7 4.3 (0.1)ab 4.4 (0.2)ab 5.4 (1.0)bcd  13.6 (6.6)abc 19.0 (9.4)a 
Field 8 3.2 (0.1)c 3.4 (0.1)c 7.2 (1.0)abc 10.0 (1.1)bc 11.4 (1.1)ab 
Field 9 3.7 (0.2)bc 4.0 (0.1)bc 6.6 (1.1)abc 15.7 (3.0)ab 14.4 (1.1)ab 
Field 10 4.7 (0.6)a 4.9 (0.6)a 4.7 (0.2)cde 13.2 (1.6)abc 9.1(1.1)b
Significance 
levels 
0.000 0.000 0.000 0.038 0.000 
CV* 51.0 48.8 43.0 25.4 31.1 
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5.3.2 Economic performance 
The average revenue and profitability for the different systems are shown in Table 5.3. There 
were significant (p=0.000) differences between the cultivation systems for cassava revenue, 
total revenue and profitability in both locations. The profitability increased considerably for the 
ISFM systems compared to the local system. The average profitability in Dabou was 155±233, 
2586±962 and 2653±901 Euro ha-1 for the local, ISFM mono-varietal and mixed varietal 
systems, respectively; and was 116±168, 2300±753 and 2307±785 Euro ha-1, respectively, in 
Bingerville. On average, 66% of profitability was generated by cowpea. 
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5.3.3. Factors driving yield variation 
Soil properties showed variability between fields in both locations (Table 5.1). In general, soils 
are sandy (70 to 96% sand), acid (pH ranging from 3.3 to 5.4), low in organic matter content 
and cation exchanged capacity (CEC < 10 cmol kg-1). Comparing soil fertility parameters for 
both locations, fields in Dabou showed significantly higher values compared to Bingerville. 
The average values were 16.2 and 11.3 g C kg-1, 1.2 and 0.8 g N kg-1, 88.0 and 62.0 mg P kg-1, 
0.05 and 0.03 cmol K kg-1, and a CEC of 7.0 and 5.0 cmol kg-1, in Dabou and Bingerville, 
respectively. The results of stepwise multiple linear regression analyses to describe cassava and 
cowpea yield via soil properties and weed control for the different cultivation systems in Dabou 
and Bingerville are shown in Table 5.4. In Dabou, cassava yield increased with CEC (β = 0.42) 
and weed control (β = 0.58) for the local system. For the ISFM mono-varietal system, cassava 
yield increased with CEC (β = 2.11) and SOC (β = 0.42), and for the ISFM mixed-varietal 
system with CEC (β = 1.61) and weed control (β = 0.42). In Bingerville, cassava yield was only 
increased by weed control for all cultivation systems. The regression coefficients were β = 
0.74, β = 0.54 and β = 0.64 for the local, ISFM mono-varietal and mixed-varietal systems, 
respectively. Cowpea yield decreased with K and increased with SOC (β = 1.57) and weed 
control (β=0. 97) in Dabou, and with soil N (β = 0.41) in Bingerville. 
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Table 5.4 Results of a stepwise multiple linear regression between weed control, soil parameters and 
cassava yield a yield for the local system (C), ISFM mono-varietal (S) and mixed-varietal (M) systems 
in Dabou and Bingerville; *significance at p < 0.05; **significance at P < 0.001 
Dependant 
variables 
Dabou location Bingerville location 
Regression 
variable 
Regression 
coefficient 
Regression 
variable 
Regression 
coefficient 
Cassava yield 
System C 
pH -0.31*
CEC 0.42**
Weed control 0.58** Weed control 0.74** 
Standardized error 2.11 1.71 
Regression 
coefficient (R2) 
0.62 0.52 
Regression 
significance (p) 
0.000 0.000 
Cassava yield 
System S 
pH -0.46**
CEC 2.11**
C -1.45** Weed control 0.54** 
Standardized error 4.52 3.79 
Regression 
coefficient (R2) 
0.63 0.26 
Regression 
significance (p) 
0.000 0.002 
Cassava yield 
System M 
CEC 1.61** 
N -1.25**
Weed control 0.42** Weed control 0.64** 
Standardized error 3.66 3.57 
Regression 
coefficient (R2) 
0.68 0.39 
Regression 
significance (p) 
0.000 0.000 
Cowpea yield 
System (S and M) 
CEC 1.14** 
C 1.57** 
K -0.39** P -0.78**
Weed control 0.97** N 0.41**
Standardized error 0.43 0.97 
Regression 
coefficient (R2) 
0.82 0.55 
Regression 
significance (p) 
0.000 0.000 
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5.4 Discussion 
The cassava yield improvement observed for both ISFM systems as compared to the local 
system could, to some extent, be related to the cassava mosaic disease (CMD) resistant trait of 
improved cassava varieties (Yavo and Bocou 1) and susceptibility of local varieties. This could, 
however, not be quantified as it was not recorded by the farmers during the multilocation trials. 
Secondly, the intercropping of cowpea, the addition of organic or mineral fertilizer and the 
application of cowpea residues to the soil, together likely increased soil fertility and 
consequently increased cassava production. Third, the improved performance of ISFM systems 
compared to traditional methods could also be explained by the early maturity of cassava 
variety Yavo, which was a component of both ISFM systems. The ISFM mixed-varietal 
system, which combined both organic and mineral fertilizers and hence was expected to 
increase cassava production more, gave similar average yields compared to the mono-varietal 
system, where only 5 t ha-1 of manure was applied. The full production potential of this mixed-
varietal system was likely not achieved because of the premature harvest of the late maturing 
variety Bocou 1. The premature harvest was a farmer’s decision, which was unfortunately not 
controlled by the experiment. The early harvest of roots is a real challenge for improving 
cassava production in the study area. On one hand, this practice is driven by the increase in 
demand for cassava to feed the local population, as cassava is a staple food, and also people in 
the densely populated nearby city of Abidjan (economic capital). On the other hand, premature 
harvest is also driven by the scarcity of land available to expand cultivation. The high land 
pressure is a result of competition from industrial and more lucrative crops, such as oil palm, 
rubber and coconut, which occupy a large part of agricultural land and pushes cassava 
cultivation to small plots of land on mostly marginal soils. Nevertheless, when applied to 
regions with relatively low land pressure and allowing full maturity of cassava, this agricultural 
intensification system is expected to achieve higher cassava production and also to reduce 
labor, through the weed shade-out ability of variety Bocou 1 and by allowing that cassava 
harvest is made in 2 stages, between 9 and 15 months after planting for variety Yavo and 
Bocou 1, respectively. This potential arises from the possibility to harvest the early maturing 
variety Yavo at 9 months and postpone the harvest of the late maturing variety Bocou 1 to 
between 12 and 15 months after planting. This will not only help to alleviate the seasonal 
shortage of cassava roots, but will allow the Bocou 1 variety to reach maturity and to benefit 
more from the improved soil fertility provided by the intercropped cowpea.  
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Comparing the economic returns, the ISFM systems gave higher profitability compared to the 
traditional system, mainly due to the high market value of the cowpea (0.6 Euro kg-1). The 
dependence of the system’s profitability on cowpea means that it could vary with the market 
value of legumes, which depends on the period and on demand. Cowpea intercropping could 
also have the benefit of allowing farmers to postpone cassava harvest (traditionally at 9 MAP in 
this area) by providing early revenue, i.e. 5 months before cassava harvest, thus solving one of 
the main obstacles for higher cassava productivity. In contrast, manure and mineral fertilizer 
that were needed for increasing cassava productivity are expensive commodities that are 
difficult to access by farmers. This could limit a broad scale application by smallholder 
farmers. 
The large variation of cassava and cowpea yields between fields could be attributed to 
differences in inherent soil fertility and farmer management (weed control). Soils in the area 
are acid, low in organic matter content and CEC, and with high levels of P. The clearance of 
fields by burning, in accordance with the local practices, could have contributed to the high 
levels of phosphorus in the soil through ash depositions. Moreover, the level of P is also 
determined by the method of P extraction (modified Olsen method) used. CEC and weed 
control significantly influenced cassava productivity for all the systems, as revealed by 
regression and correlation analyses. Iyagba (2010) reported a 48 to 90% yield loss in cassava 
production as a result of weed infestation. Consequently, productivity of the cultivation systems 
and, in turn, farmers’ income is largely driven by inherent soil fertility and weed control. The 
low CEC of soils in the area likely restricted the release of potassium, which is required for 
building up the storage roots. The importance of potassium for the productivity of root crops 
such as cassava is well-known and can be explained by its prominent role in the synthesis and 
translocation of carbohydrates (Abd El-Baky et al., 2010). The lack of significant correlations 
with soil parameters for all systems in Bingerville could be related to the very poor soil fertility 
exacerbated by poor weed control for many fields, which may have obscured any influence of 
soil properties on cassava productivity. This strong competition for nutrients with weeds that 
results from poor weed control can explain the negative correlation of cowpea yield with K in 
Dabou given the low contents of K in the soils. Cassava root yield in all the ISFM treatments 
was much higher than the 6 t ha-1 average cassava yield reported for the country (FAO, 2014). 
However, in the majority of fields and for both ISFM systems, cassava yields were lower than 
those previously reported for soils with similar characteristics to those in this study (texture 
with 80% sand, pH of 4.5, CEC of 3.8 cmol kg-1 and a total N of 0.09 %).  
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The study by Anyaegbu et al. (2009) observed yields of 56.4 to 69 t ha-1 fresh roots when 
cassava-groundnut intercropping was combined with 10 t ha-1 poultry manure application. High 
cassava fresh root yield (e.g. 32.2 t ha-1) was also observed by Amanullah et al. (2006) in 
cassava-cowpea intercropping combined using poultry manure (10 t ha-1). However, yields in 
both aforementioned studies were achieved at full maturity with different cassava varieties and 
higher doses of manure. For the same cassava varieties, our yields were lower than those 
achieved in the same region by cassava mono-cropping: i.e. 40 t ha-1 for Yavo and 27 t ha-1 for 
Bocou 1 (ANADER, 2014). However, these results were again achieved with a later harvest, 
i.e. 12 to 15 months after planting. The profitability of the above-mentioned cassava mono-
cropping system, i.e. 4962 Euro ha-1 for variety Yavo and 2500 Euro ha-1 for variety Bocou 1 
was improved compared to the ISFM technologies which gave on average 2460 Euro ha-1, and 
with on average 66% of this total generated by cowpea. The improved economic returns of the 
cassava mono-cropping system was mainly due to the observed yield increases and improved 
market for cassava (0.1 Euro kg-1), and also included the revenue from cassava stems. This 
lower productivity of the improved varieties in the multilocation experiments can be attributed 
firstly to the premature harvesting of roots, and secondly to the competition for nutrients 
between cassava, cowpea and weeds in these low fertility soil. Furthermore, cassava 
productivity for the ISFM system could also have been hampered by N immobilization during 
the first 2 months after cowpea residue incorporation into the soil, as observed in incubation 
experiments (see chapter 3). Since the residue from the intercropped cowpea was applied as 
mulch at 4.5 months after planting (MAP), N immobilization may have affected cassava 
production between 4.5 and 6.5 MAP. 
 
5.5 Conclusion 
The tested ISFM systems showed improved agronomic and economic performance over 
traditional systems, with an increase in cassava productivity and a large increase in profitability 
mainly via the revenue generated by the intercropped cowpea. The between field variation of 
cassava productivity was mainly explained by differences in soil CEC and weed control. The 
latter suggests that effectiveness of the tested ISFM technologies to increase cassava production 
also depends on local soil fertility, farmer’s management and resource endowment to purchase 
fertilizer. The improved cassava production of the ISFM technologies over local systems was 
related to the cassava mosaic disease resistant trait of the component varieties, and to legume 
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residues and manure or mineral fertilizer additions to counteract the low soil fertility. 
Moreover, potential productivity of the ISFM systems was likely largely hampered by the 
premature harvest of cassava and even a competition with cowpea. Nevertheless, 
implementation of the tested ISFM systems could be a key strategy to achieve sustainable 
agricultural intensification in the study area as yields and especially farmer’s income could be 
spread and increased. However, only long-term application of such ISFM system could 
alleviate soil fertility reduction and prevent premature cassava harvest. 
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Chapter 6 
General discussion and future research perspectives 
 
6.1 Revisiting the research needs and hypotheses 
Due to the poor resource endowment of the smallholder farmers and fertilizer availability, 
research into optimized fertilizer schemes in terms of quantities and types (fertilizer 
formulation) for maximizing yields could not be the objective of this work. Rather, this study 
was aimed at identifying a low-input and effective technology for yield increase that fits 
farmers’ resource endowment and is adapted to local conditions, thereby using mostly locally 
available nutrient resources. Changing the premature harvest practice was not a direct objective 
of the study due to the inability to solve this in the short run. Hence this was accepted as a 
‘socio-economic practice’ for which we could not intervene in this PhD. The Integrated Soil 
Fertility Management (ISFM) approach was advocated as an alternative pathway for addressing 
the production constraints, resolving the yield gaps and moving towards agricultural 
intensification. A “farmers’ choice” of suitable technologies was organized in the study area 
through multiple ISFM demonstration experiments. The selected technologies were further 
tested via twenty multi-location trials managed by the smallholder farmers  
The ISFM demonstration experiments integrated: 1) improved cassava genotypes (varieties 
Yavo and Bocou 1 vs. a local variety Yace), 2) intercropping with N2-fixing grain legumes 
(cowpea and groundnut), 3) crop spacing (traditional design 1 x 1 m vs. a modified design 2 x 
0.5 m), and 4) application of modest rates of manure (5 t ha-1) and/or mineral NPK fertilizer (50 
kg ha-1). The technologies selected for multi-location testing included: 1) a mono-varietal 
system using the improved variety Yavo combined with cowpea intercropping and addition of 
manure to cassava (5 t ta-1) and 2) a mixed-varietal system using both improved cassava 
varieties Yavo and Bocou 1 combined with manure (5 t ha-1) and NPK fertilizer (100 kg ha-1) 
addition to cassava.  
In general, we hypothesized that the integration of the four ISFM components would improve 
soil fertility and enhance productivity and quality of early harvested cassava on poor soils.  
The mixed-varietal system was hypothesized to increase cassava productivity more due to the 
additive effects of manure and mineral fertilizer and the specific traits of the cassava varieties, 
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i.e. early maturity and disease resistance of variety Yavo and vigorous growth with weed 
shading-out ability and disease resistance of variety Bocou 1. The legume intercropping was 
hypothesized 1) to improve N inputs and N availability and productivity via biological N2-
fixation process and 2) to enhance farmers’ profitability through the protein-rich grain 
production. 
 
6.2 Benefits of ISFM technology 
6.2.1 ISFM demonstration experiments at Dabou and Bingerville 
6.2.1.1 Contribution of cassava spacing 
The spatial arrangement of the cassava (1 x 1 m vs. 2 x 0.5 m) did not affect cassava mosaic 
and anthracnose disease symptoms during the growth. Furthermore, cassava spacing did not 
affect cassava yields and tuber quality (dry matter, starch and hydrogen cyanides contents) at 
both locations. However, the modified 2 x 0.5 m spacing allowed to increase legume grain 
yields for both locations and exhibited potential for improving soil fertility in the long-term via 
increased legume residue biomass. The non-significant effect of the crop spacing on cassava 
tuber yield and quality could be explained by the early harvest period (9 months after planting). 
The difference in legume yield increment observed was obviously directly related to the 
additional two rows of legumes allowed in the 2 x 0.5 m spacing and possible shading effects 
from cassava canopy that hampered legume productivity for the traditional 1 x 1 m spacing. 
 
6.2.1.2 Contribution of cassava genotypes 
In the ISFM demonstration experiments, the improved cassava variety Yavo performed better 
than the other varieties Bocou 1 and Yace for both locations. Both improved varieties Yavo and 
Bocou 1 showed reduced symptoms of the cassava mosaic disease (CMD) compared to the 
local variety. However, no significant effect of cassava varieties was observed for cassava 
anthracnose disease (CAD) at both locations. The different cassava varieties showed medium 
symptoms of CAD. The non-significant effect of cassava varieties on CAD can be related to the 
genetic background of the varieties used. 
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Both cassava varieties were improved for high yield potential and show strong tolerance to 
CMD. For severe symptoms, chemical methods could be used to control the CAD including the 
application of fungicides (Gogbeu et al., 2015). However, this method could be impaired by 
availability of the agrochemicals. Hence, a most viable strategy could be the selection of CAD 
tolerant cassava varieties to improve resilience. 
The difference in productivity between the respective cassava varieties was related to the 
intrinsic genotypic characteristics. This is expressed by the early maturity and CMD resistance 
of the improved variety Yavo compared to the late maturity and CMD resistance of the 
improved variety Bocou 1; and susceptibility to CMD of the local cassava variety Yace. 
Furthermore, the improved varieties (Yavo and Bocou 1) did not significantly affect 
intercropped legume yields, as well as cassava tuber quality (dry matter, starch and hydrogen 
cyanides contents), irrespective of the treatments. The early harvest trait of variety Yavo 
underlines its suitability to the local socio-economic context. Definitely, this variety Yavo can 
be advocated for sustainable intensification of cassava production in this region where early 
harvest is a common, socio-economic driven practice. 
 
6.2.1.3 Contribution of legumes and fertilizer 
In the demonstration trials, fertilizer amendment maintained cassava yield with legume 
intercropping and doubled legume yields. Cassava yield reduction by legume intercropping 
without fertilizer addition was likely due to nutrient competition between cassava, legumes, 
weeds and microbial N-immobilization during the first months upon legume residues 
application. This suggests that, for intensification of the production, intensive weeding and a 
better synchronization between N release from legume residues and harvesting period of 
cassava should be considered. The difference in productivity between the ISFM technologies 
was related to the genotypic characteristics of the cassava varieties and to the improvement of 
inherent low soil fertility by the addition of legume residues and manure or NPK fertilizer. 
Furthermore, ISFM methods exhibited potential for improving soil fertility in the long-term via 
the mineralization of the N-rich legume residues and incorporation of moderate rates of 
manure. 
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6.2.2 ISFM multi-location experiments 
During the multilocation experiments, the mono-varietal and mixed-varietal systems out-
performed the traditional cultivation systems for all fields. The experiments did not allow 
understanding the contribution to the cassava yield increment for the individual components of 
the tested ISFM technologies. Rather, these trials aimed at evaluating yield gap closure and 
profitability compared to the local cultivation systems. In general, the cassava yield increment 
observed for both ISFM systems as compared to the local system was related to the CMD 
resistance of improved cassava varieties (Yavo and Bocou 1) and the improvement of soil 
fertility via the intercropping of cowpea (and residue incorporation), addition of organic 
manure and early maturity trait of cassava variety Yavo. Furthermore, the 3 vs. 2 times 
weeding has a strong positive effect on cassava and cowpea yields. This suggests that 
intensified weeding should be considered as an important component for increasing 
productivity. 
The ISFM mixed-varietal system, which combined both manure and NPK fertilizer at a 
relatively higher rate and was hypothesized to increase cassava production more, resulted in 
similar average cassava yield compared to the mono-varietal system, where only 5 t ha-1 of 
manure was applied. Hence, the agronomic efficiency of this NPK fertilizer was zero, and 
strongly suggests the need for adaptation of the system to avoid this financial and 
environmental loss. Full potential of the mixed-varietal system was likely not achieved because 
of the premature harvest of the late maturing variety Bocou 1 (12 MAP), which was a farmer’s 
management decision and intentionally not controlled by the experiment. Therefore, this 
agricultural intensification system is expected to achieve higher cassava production when 
applied to regions with relatively low land pressure that will allow full maturity of cassava. 
Furthermore, the tested ISFM technologies, even more than cassava yield gap reduction, 
produced legume grains and leaves rich in protein, which allowed smallholder farmers to 
diversify diets and increase income. However, use of legume leaves for animal feed or human 
consumption may impair the restoration of soil fertility throughout the system if animal manure 
is not returned to the field. The latter could result in negative N-balances. 
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6.2.3 Profitability of ISFM technologies 
The ISFM technologies tested were a low-cost agronomic alternative (ca. 300 Euro ha-1), 
adapted to the resource endowment of smallholder farmers, due to the use of locally available 
nutrient resources at moderate application rates (i.e. 5 t ha-1 manure and 50-100 kg NPK ha-1). 
The ISFM methods resulted in increased total profitability of the cassava-legume production 
system. The total profitability of ISFM systems was on average ca. 2500 Euro ha-1 versus a 
maximum of 700 Euro ha-1 for the local cultivation systems. This ISFM system, more than 
improving total profitability, showed the ability to spread the incomes of farmers through 
revenue generation by legumes. Legumes drove about 66% of the total profitability of the 
ISFM system. This strong dependence of the system’s profitability on legumes (here cowpea) 
implies also that it is sensitive to the market volatility, which depends on period, region and 
demand.  
The profitability of the ISFM system was affected by the early harvest of cassava that 
hampered the production of optimal yields (which occurs 12 to 24 months after planting). 
Furthermore, the potential profitability of the ISFM system, which was based on revenues of 
cassava and two legume cycles, was not achieved in the multilocation trials. This was due to 
the discarding of the second legume cycle of two rows by farmers because of extra labor 
requirement. In addition, the estimation of profitability did not include the (potential) revenue 
from marketing of cassava stems as planting material. Indeed, farmers do not usually buy this, 
but obtain it from neighboring fields in case of local varieties. However, improved cassava 
planting material is a scarce and expensive commodity in the region and could thus generate 
additional income and improve profitability. 
In general, the findings of the present study corroborate results by Walangululu et al. (2011) 
demonstrating that using improved legume and cassava germplasms, modified crop 
arrangement (2 x 0.5 m), intercropping with four rows of legumes (groundnut or soybean), 
application of manure (2.5 t ha-1) and NPK fertilizer (100 kg ha-1) improves productivity, 
versus common practice (i.e. local common bean and cassava varieties, broadcast planting and 
manure addition). In the aforementioned study, modifying crop arrangement increased bean 
yields during the first season and permitted a second legume intercrop, resulting in a total 
legume productivity increase of 1 t ha-1 and additional revenue of almost $ 1000 ha-1. Crop 
arrangement and legume intercropping did not generally affect cassava tuber yields. Fertilizer 
addition increased both cassava and legume yields and total profitability by $ 400-$ 700. 
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6.3 Sustainability of ISFM technology 
The study provides insights in economic and environmental sustainability of the ISFM system. 
The ISFM multilocation trials provide a solid entry point to overcome the complex constraints 
under which smallholder farmers are operating in southern Côte d’Ivoire and that result in yield 
gaps, seasonal shortages of cassava and poverty.  
With respect to economic sustainability, the ISFM system tested increased productivity 3- to 5-
fold. Our research highlights the importance of a legume component for improving profitability 
and spreading income of farmers due to early generation of revenue (i.e. 4 months after 
planting cassava). Furthermore, legumes offer an opportunity for farmers to diversify diets due 
to protein rich grains production. The improved economic returns and nutrition of farmers are 
essential to alleviate poverty and enhance the livelihoods of smallholder farmers in the region. 
With respect to the ecological sustainability, the ISFM system showed potential for improving 
soil fertility through legume BNF and production of organic matter and supply of K with the 
application of organic manure, with potential positive effect on soil biological properties. 
Hence, the ISFM system has the advantage of reducing the needs for external fertilizer inputs, 
thus limiting potential problems, such as nitrates leaching, resulting from agricultural 
intensification (e.g. pollution and acidification) on sandy soils. Furthermore, the ISFM system 
enhanced resilience to disease (through tolerant cassava varieties) and weeds (through legume 
intercropping), which avoids the need for crop protection products. 
6.4 Applicability of ISFM technology 
The ISFM technologies tested showed to be adaptable to the local conditions thereby 
improving productivity and profitability. The productivity did vary significantly between 
farmers’ fields due to differences in soil fertility and agronomic management (e.g. weed 
control) that were not controlled by the experiments. This variability of legume and cassava 
yields between fields emphasizes the need for site-specific measures. The lack of agronomic 
efficiency of NPK fertilizer for all fields suggests all fields fall in the category of so-called 
“non-responsive soils” (Vanlauwe et al., 2014). This may be due to a combination of soil 
acidity (pH < 5), strong depletion of N and K, and low CEC and organic matter content. Hence, 
the intensification of cassava production system in acidic, sandy Ferralsols could imply the 
need for lime addition to address the acidity of soil, addition of organic matter (e.g. crop 
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residues from fertilized oil-palm and cocoa plantations) to increase CEC and improve soil 
structure, and increase water holding capacity and nutrient retention capacity. This could also 
imply the need for appropriate fertilization using N- and K-fertilizer (e.g. urea, potassium 
chloride). In view of this, the poor access to lime could be a constraint to further increasing the 
productivity in the context of smallholder farmers. Beside poor weed management and low soil 
fertility that obscured agronomic efficiency, the other constraints that potentially impaired the 
response of cassava to fertilizer could be a disease pressure, which was not monitored in the 
multilocation trials. 
The cassava productivity using the ISFM technologies is expected to be much larger in regions 
with similar climate, but allowing full maturity, as cassava could benefit more from the 
nutrients added to sustain optimal yields. This technology could fit to other regions, where the 
ecological conditions (temperature, rainfall amount or distribution and soil fertility) are not 
limiting cassava and legume phenology. ISFM method could be a sound alternative to increase 
productivity in the northern regions of the country as well, which is characterized by a dry 
savannah with erratic rainfall and in southern regions with filtering coarse textured soils, and in 
semi-arid regions in many parts of West Africa (e.g. Niger, Mali and Burkina Faso). This stems 
in part from the potential of soil organic matter to reduce water evaporation, thus increasing 
water holding capacity within the agro-ecosystem that results in crop yield increments 
(Hudson, 1994). The ISFM technology based on legume intercropping could be further 
expanded to other row crops with wide planting distances such as maize (Zea mays), cocoyam 
(Colocasia exculenta) and plantain (Musa, AAB). However, there is a need to adapt the 
technology for non-erected and narrow-spaced crops such as rice (Oryza sativa), sweet-
potatoes (Ipomoea batatas) and yam (Dioscorea spp). For narrow-spaced or crawling crops, the 
use of legume green manuring or a true rotational system could be advocated as an alternative 
to intercropping to avoid competition.  
Further, ISFM could be applied in agro-forestry by using woody legume species (e.g. Acacia 
auriculiformis, Albizzia guachepele) to regenerate the degraded soils in the old cocoa orchards 
(Gnahoua et al., 2013), which is described as undergrowth crop that requires improved soil and 
moist conditions at the earlier stages (Asare, 2005).  
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6.5 Prospects for adoption of ISFM technology 
The ISFM technology can be put forward to achieve sustainable intensification of cassava 
production in southern Côte d’Ivoire. The expectation of farmers with respect to ISFM 
implementation was mainly a reduction of labor and increase in productivity of cassava in the 
context of premature harvesting. The ISFM system has the co-benefit of allowing farmers to 
postpone cassava harvest that is traditionally at 9 months after planting through the early 
generation of revenue from legumes, i.e. 4 months after planting the cassava, thereby solving 
one of the main obstacles for cassava productivity. This potential arises from the possibility to 
harvest legumes at 4 and 7 MAP (when a second legume cycle is included) and the cassava at 
between 9 and 12 MAP. The mixed-varietal system that allows the harvest of cassava in two 
stages, i.e. the early maturing variety Yavo at 9 MAP and the late maturing variety Bocou 1 at 
12 MAP, could be an entry point to resolve the seasonal shortages of cassava in the region.  
During post-intervention focus group discussions, most of the smallholder farmers reported that 
the implementation of ISFM was knowledge-intensive, but the row cropping and cassava 
planting arrangement streamlined and shortened the time for cassava planting and harvesting 
and hence reduced production costs. In addition to the reduced production cost and enhanced 
profitability, they also reported some desired traits of the improved varieties tested over the 
local varieties for cooking and processing cassava into ‘Attiéké’. However, they recalled the 
challenges to the conservation of legume seeds that constrained the second legume cropping 
and tradability of legumes between farmers. The problem with conservation of legume seeds is 
the fact that seeds are attacked by fungi and insect pests (e.g. Acanthoscelides obtectus, 
Callosobruchus rhodesianus and Caryedon serratus) causing large post-harvest losses. Farmers 
do not often attempt to apply crop protection products in subsistence farming. Rather, they 
traditionally use a seed insolation method that is not expected to fully address the pest pressures 
(Lale and Vidal, 2003). This problem is typical for sub-Saharan Africa, and for some areas a 
fumigation method is traditionally used to store seeds, but often limited to small quantity. Many 
other smallholders are using sand and ash to preserve the seeds (Akob and Ewete, 2007). This 
emphasizes the need to develop low-cost and effective seed conservation techniques for small 
scale farmers to foster ISFM adoption. Definitely, an integration of the different traditional 
methods including utilization of extracts or powder from plant species (Kiendrebeogo et al., 
2006), with pest repelling or fungi mitigation effects (e.g. Azadirachta indica, Cassia 
occidentalis, Striga hermonthica) would be an economically sound alternative to address the 
issue of legume seed conservation. 
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The cassava productivity of the technology was hampered by nutrient competition with 
legumes intercrop and microbial N immobilization during the first 30 - 45 days upon legume 
residues incorporation, i.e. 5 to 6 months after cassava planting and further by premature 
harvests. This suggests the need for a better synchronization between cassava planting, legume 
growing and legume residues application and cassava harvest. To address this issue, farmers 
could grow intercropped legumes 1.5 MAP, apply fertilizer at 2 MAP and legume residues at 
4.5 MAP, hence net N-mineralization would occur from 7 MAP and delay the harvest of 
cassava at until 12 MAP. This could allow cassava to benefit more from legume residue N-
mineralization and nutrients added through fertilizer for optimal yields. A model of better 
synchronization of different components of ISFM system and harvest of cassava roots is shown 
in Figure 6.1.  
The variability of effectiveness of the ISFM technology between fields that was related to soil 
fertility status and management suggests the need for appropriate fertilization to match the crop 
nutrient requirements. The application of lime to address the strong acidity and the 
improvement of soil organic matter through repeated legume addition or addition of other 
locally available organic material could improve the agronomic efficiency of NPK fertilizer on 
less-responsive soils and further enhance cassava productivity (Vanlauwe et al., 2014). In 
addition, intensive weeding needs to be considered to increase sustainability of the ISFM 
system, by reducing nutrient completion; hence improving nutrient and water availability for 
cassava and legumes. Further, intensive weeding could suppress the natural hosts of plant 
pathogens. 
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Figure 6.1 Synchronization scheme for a sustainable cassava-legume based ISFM system 
 
The demonstration experiments stressed the importance of fertilizer application to avoid 
cassava yield reduction when legume intercropping is used. Hence, the adoptability of the 
ISFM technology could be hampered in the region by availability of agricultural inputs 
(fertilizer and improved cassava genotypes), poor knowledge of farmers and access to markets. 
Hence, an enabling environment allowing equitable access to input, markets and sustainable 
remunerative value chains is needed to facilitate adoption (The Montpelier panel, 2013). Here 
part of the solution could be the development of road infrastructure that links to markets and 
market networks that provide information on prices and other market facilitations. Further, 
farmers association (cooperatives) and their connection with fertilizer companies and banks for 
microcredit are essential to enhance the bargaining and purchasing power. Other enabling 
conditions are the strengthening of local extension and the knowledge of smallholder farmers 
and the investment in research institutions to develop improved genotypes. Furthermore, the 
development of simple and efficient conservation methods for legume grains to sell and to store 
for following season, and the creation of local seed bank that is owned and managed by farmers 
association could warrant the adoption of the full ISFM technology. 
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6.6 Limits of the ISFM approach 
The study was carried out in southern Côte d’Ivoire that is a major cassava producing and 
consuming region and was confined in two areas with a nearly similar environment (rainfall, 
temperature and soil types). This restriction did not allow understanding technology responses 
in regions with different environmental conditions. In addition, the assessment of technology 
options was based over a relatively short time period (9 months) and over two cropping 
seasons, i.e. one for demonstration, in view of the selection of viable technologies, and another 
one for multilocation trials. The limitation of experiments on one cassava cropping cycle 
constrained the effectiveness of the technology. Furthermore, the low rates of fertilizer 
application to fit farmers’ resource endowments without taking into account possible variability 
in soil fertility between fields and the selection of the same legume (here cowpea) in the multi-
location trials for all fields was also a limitation in the study.  
The present research did not allow understanding the effects of the ISFM technology on soil 
physical (e.g. moisture holding capacity and organic matter content) and biological properties 
(e.g. microbial activity). In addition, the study did not evaluate the harvest indexes and residual 
or long-term effects of technology options on soil chemical properties. Furthermore, the effects 
of the technology on greenhouse gas emissions or nutrient leaching were not controlled by the 
experiments. All these issues need to be further addressed for a comprehensive assessment of 
sustainable agricultural intensification. 
 
6.7 Future research perspectives 
6.7.1 Agronomic perspectives 
A first perspective is to evaluate the performance of some ISFM technologies in different 
environmental conditions (rainfall, temperature and soil types), using improved legumes that 
produce bio-fortified grains and cassava varieties with improved nutritional value (e.g. high 
content of vitamins, iron and zinc). This could include cassava varieties with higher water use 
efficiency (i.e. yielding more under moderate drought conditions) or nutrient use efficiency (i.e. 
tolerant to poor soil fertility conditions).  
As a broader perspective, the effectiveness of ISFM needs to be evaluated for other staple crops 
(e.g. maize, plantain and yam) in various agro-ecological conditions. This could help to 
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understand the suitability of ISFM for achieving sustainable agricultural intensification and 
enable its broad scale adoption in the country. 
A third perspective is to address the non-responsiveness of soils to mineral fertilizer in different 
agro-ecological zones and for different crops. A specific fertilization (e.g. P-fertilizer for 
legumes, and micronutrients for cassava) could be tested to evaluate agronomic efficiency. 
A fourth perspective is to address the labor-intensive cassava planting and harvest through 
better targeting of the crop arrangement to fit mechanization. 
6.7.2 Ecological perspectives 
The study did not allow understanding the residual and long-term effects of ISFM on soil 
fertility and crop productivity due to a limited time period (one cropping season). A first 
perspective is to evaluate the long-term effects of ISFM on soil organic matter and nutrient 
cycling and symbiotic microorganisms (e.g. rhizobia and mycorhiza). 
A second perspective is to evaluate the potential of ISFM to combat the weed problems. This 
could be determined through the estimation of leaf area index (LAI) of intercropped legumes 
and cassava during the growth.  
A third perspective for improving the resilience of ISFM is to evaluate the effects of some local 
legumes used as traditional medicine for human health on soil pathogenic organisms (e.g. 
nematodes). This can be tested directly using legume extracts or through rotation and 
intercropping. Furthermore, their potential to repel insect vectors (e.g. whitefly) or attract the 
natural enemies needs also to be evaluated. To deal with this, an ethno-botanical study would 
need to be carried out and completed with laboratory analyses for selection of the legume and 
determination of its chemical composition. 
This study allowed identifying only two rhizobial strains associated to the intercropped 
legumes in the experimental sites (Dabou and Bingerville), namely Rhizobium miluonense for 
cowpea and Bradyrhizobium elkanii for groundnut. As a fourth perspective, the diversity of 
rhizobia (Bradyrhizobium and Rhizobium) associated to local legumes for the different agro-
ecological zones needs to be characterized to guarantee efficient biological N2-fixation (BNF) 
and eventually inoculation of seeds. Hence, the more efficient rhizobial strains could be tested 
together with P-fertilization on the BNF and legume yields. 
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A fifth perspective is to evaluate the effect of ISFM technology on climate change adaptation 
and mitigation (i.e. greenhouse gas emissions). This can be accessed through the rate of C 
sequestration by the intercropped legumes and emission of N2O throughout the system. 
 
6.7.3 Economic perspectives 
A first perspective is the creation of a platform that regroups different actors of the cassava 
sector (farmers, processors, transporters, agro-dealers and banks of micro-credit). This could 
improve the interactions of the actors and enhance the cassava value chain. 
A second perspective is the creation of local field-schools for strengthening the extension and 
smallholder farmers’ capacity building on sustainable and climate smart agricultural practices. 
A third perspective is the development of an agricultural network that connects the farmers to 
market opportunities and infrastructures. 
Above all, the benefits of the ISFM technology to farmers’ livelihoods (food security, poverty 
alleviation and health) need to be evaluated to enhance the economic sustainability. 
 
6.8 General conclusion 
This study provides insights on the suitability of Integrated Soil Fertility Management system 
for improving productivity and profitability of an early harvested cassava production system in 
southern Côte d’Ivoire. The ISFM systems tested could be advocated as low-input strategies for 
achieving sustainable agricultural intensification of cassava in the study area and probably in 
many similar regions of sub-Saharan Africa. This technology could also be transferred to other 
regions, where the environmental conditions are not limiting the phenology of legumes and 
cassava. However, full potential of ISFM technology was hampered by nutrient competition 
between legumes and cassava and weeds during crop growth and microbial N-immobilization 
upon legume residues incorporation, and above all by a premature harvesting of cassava roots. 
Furthermore, the non-responsiveness of soils to NPK fertilizer was an obstacle for sustaining 
improved cassava yields. This suggests the needs for a better synchronization between cassava 
planting, legume sowing and residue application and harvest of cassava and for intensive 
weeding to minimize the nutrient competition and enhance productivity. Further, the study 
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highlights the necessity to identify and address the factors that determine the non-
responsiveness of soils to NPK fertilizer. The variability of technology responses between 
fields that was observed indicates the need for site-specific measures including fertilizer 
formulation or dosing, plant genotypes (legumes and cassava) and intercropping periods of the 
legumes (see above). Definitely, when adapted for different staple crops and various 
environmental conditions, the ISFM technology could be a first step for closing yield gaps and 
moving towards sustainable agricultural intensification. However, a large scale adoption could 
be impaired by availability of the agricultural inputs (fertilizer and improved varieties), lack of 
knowledge of smallholder farmers and poor market infrastructures. This underlines the needs 
for strengthening the local extension and creating an enabling environment that links farmers to 
input and output markets. Our research did not allow understanding the residual and long-term 
effects of ISFM technology on soil fertility and climate change, suggesting the need for 
additional research to address these important issues. 
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Appendix i 
Questionnaire of socio-economic survey 
Enquêteur : _____________________ 
Date : __________________________ 
 
Section 1. Identification du producteur 
1.1.Nom : ________________________                        Prénoms: __________________ 
1.2.Localité:_______________________                       Village : ___________________ 
Section 2. Caractéristiques du producteur 
2.1. Sexe  1.   Masculin   2.   Féminin 
2.2. Quel est votre âge ?_________________ 
2.3. Quelle est votre situation matrimoniale ? 
1.   Célibataire 2.   Marié(e) 3.    Divorcée 4.    Veuf (ve) 
2.4. Quel est l’effectif des membres de votre ménage ? ______________ Personnes 
2.5. Au sein de votre ménage, combien de personnes ont moins de 12 ans ? ______________________ 
2.6. Au sein de votre ménage, combien de personnes ont plus de 65 ans ? ________________________ 
2.7. Quel est votre niveau d’éducation ?  
1.   Non scolarisé   2.   Primaire 3.   Secondaire 4.    Universitaire 
2.8. Quel est votre statut de résidence ? 
1. Autochtone  2. Allochtone  3       Allogène 
2.9. Etes-vous membre d’une coopérative agricole ? 
1.  Oui       2.      Non 
 2.10. Depuis combien d’année pratiquez-vous la culture de manioc ? 
1. moins de 5 ans 2.      5 à 9 ans  3.      10 à 20 ans  4. Plus 
2.11. Quel est le statut de votre parcelle de manioc ? 
1. Propriétaire  2.        Locataire 3. Autre (précisez) _____________ 
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Section 3. Caractéristiques de l’exploitation 
A/ systèmes traditionnels de production du manioc 
3.1. Quelle(s) autre(s) culture(s) pratiquez-vous ? 
Cultures vivrières 
1. Aucune 2. Maraichers 3. Maïs  4. Légumineuses
5. Autre (précisez) _____________
3.2. Quelle est la superficie de votre parcelle de manioc ? _____________ ha 
3.3. Dans ce système, quelles sont les (la) variété (s) de manioc cultivée (s) ? 
1. Bonoua  2.  Yacé  3. Autre (précisez) __________
3.4. Quelle est le cycle de production de variété (s) cultivées ? 
1. Bonoua_____________   2. Yacé_____________  3. Autre (précisez) _____________
3.5. Quelle est le rendement à l’hectare de chaque variété cultivée ?
1. Bonoua_____________   2. Yacé_____________  3. Autre (précisez) _____________
3.6. Quelle est le cout unitaire d’acquisition des boutures ?
1. Bonoua_____________   2. Yacé_____________  3. Autre (précisez) _____________
3.7. Quelle est la quantité de bouture que vous utilisez à l’hectare ?
1. Bonoua_____________   2. Yacé_____________  3. Autre (précisez) _____________
3.8. Quelle est la densité de plantation que vous utilisez à l’hectare ?
1. 10000  2.  15000  3. Autre (précisez) _____________
3.9. Quelle est la taille des boutures que vous utilisez ? 
1. Deux yeux  2.     Trois yeux 3. Quatre yeux 4. Plus
3.10. Quelle (s) culture (s) associez-vous au manioc ?
1. Aucune 2. Niébé 3. Arachide
4. Autre (précisez) __________
3.11. Utilisez-vous  un espacement (s) précis entre les plants de manioc ?
1. Oui 2. Non
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Si oui, précisez _____________ 
3.12. Utilisez-vous  de l’engrais pour votre champ de manioc ? 
1.  Oui       2.       Non 
3.13. Quelle type d’engrais utilisez-vous ? 
1.  Minéral      2.       Organique 
Si minéral, précisez le nom ___________ Si organique, précisez le nom _________ 
3.14. Quelle quantité d’engrais utilisez-vous en une application ? _____________ kg 
3.15. Combien d’application faites-vous pour la production de votre manioc ? _____________  
3.16. Quelle est le coût d’un kilogramme d’engrais ? _____________ FCFA 
3.17. Quelles difficultés rencontrez-vous dans l’approvisionnement de l’engrais ? 
1.       Aucune   2.      Retard  3. Coût élevé 
4.      Autre (précisez) _____________ 
3.18. Utilisez-vous  des pesticides pour votre champ de manioc ? 
1.  Oui       2.       Non 
Si oui, précisez le nom _____________ 
Si oui, précisez la quantité de pesticide par cycle de culture de manioc_____________ l/kg 
Si oui, donnez le prix du l/kg de pesticide utilisé_____________ FCFA 
3.19. Quel type de main d’œuvre utilisez-vous pour les travaux de votre parcelle ? 
1.   Familiale  2.   Temporaire  3.   Permanent 
4.   Autre (précisez) ____________ 
3.20. Aviez-vous  bénéficié d’un encadrement technique manioc ? 
1.  Oui       2.      Non 
3.21. Si oui, quelle est la structure ? 
1.       ANADER   2.      ONG  3.     Autre (précisez) ________ 
3.21. Précisez le type d’encadrement ? 
1.       Formation  2.     Appui financier  3.      Autre (précisez) ________ 
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3.22. Quelle est la production de votre champ ? 
1. Sacs_____________ 2. Bâchées __________
Combien pèse un sac_____________ kg    Quelle quantité prend la bâchée_________ 
tonnes
Prix du sac ______________ FCFA Prix d’une bâchée _____________ FCFA 
3.23. Quelles sont les difficultés de production de manioc ? 
1. Sol pauvre 2. Manque de financement 3. Manque de terre
4. Manque d’intrants 5. Faible rendement 6. Pestes
3. Autre (précisez) _____________
3.24. Enregistrement du temps des travaux et dépenses effectuées sur la parcelle 
B/ Système de Gestion Intégrée de la Fertilité des Sols 
3.25. Connaissez-vous le système GIFS ? 
1. Oui 2. Non
Si oui, caractérisez-le en trois points :
1. _____________                              2_____________ 3_____________ 
3.26. Quelle est votre préférence des systèmes GIFS ? 
1. Variétés améliorée de manioc, précisez la durée du cycle _________________
N° Opérations Quantité de main 
d’œuvre 
Durée heure de 
travail 
Cycle 
d’opération 
Dépense en main 
d’œuvre 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
Total heures de travail : Total dépense : 
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2.        Variétés améliorée de manioc + légumineuse (arachide, niébé, soja) 
Précisez  la légumineuse________________ 
3.         Variétés améliorée de manioc + engrais (organique, minéral) 
Précisez le type d’engrais _______________ 
4.        Variétés améliorée de manioc + légumineuse + engrais 
Précisez la légumineuse_________________ 
Précisez le type d’engrais________________ 
3.27. Quelles sont vos attentes du système GIFS ? 
1.      Amélioration de la fertilité des sols   2.     Amélioration du rendement 
3.      Amélioration du revenu   4.     Réduction de la pénibilité du travail 
5.      Autre, précisez___________________ 
3.28. Selon vous, jusqu'à quel degré pensez-vous que l’utilisation du système GIFS vous 
permettra d’améliorer vos performances (perception de l’utilité) ? 
1.       Faible degré  2.      Degré moyen  3.     Degré élevé 
3.29. Selon vous, jusqu'à quel degré pensez-vous que l’utilisation du système GIFS vous 
nécessitera des efforts (perception de la facilité d’utilisation) ? 
1.       Faible degré   2.     Degré moyen   3.     Degré élevé 
3.30. Dans ce système, quelle est la superficie de votre champ ? ___________________ ha 
3.31. Dans ce système,  quelle est la variété de manioc cultivée ? 
1.       Variété Yavo  2.      Variété Bocou 1  3.     Mélange des deux 
3.32. Quelle est la quantité de boutures utilisée  dans votre champ ? ___________________ 
3.33. Quelle culture avez-vous associé au manioc? 
1.       Niébé   2.     Arachide    3.     Soja 
3.34. Quelle quantité d’engrais minéral avez-vous utilisée dans votre champ? ____________ kg 
3.35. Quelle quantité d’engrais organique avez-vous utilisée dans votre champ? __________ kg 
3.36. Quelle est le prix d’un kilogramme d’engrais organique? _______________ FCFA 
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3.37. Quelle est le prix d’un kilogramme d’engrais minéral? _________________ FCFA 
3.38. Aviez-vous connu des difficultés d’approvisionnement d’engrais? 
1. Aucune 2. Retard 3. Coût élevé
4. Autre (précisez) _____________
3.39. Aviez-vous  utilisé des pesticides pour votre champ de manioc ?
1. Oui 2. Non
Si oui, précisez  le nom_____________________
Si oui, précisez la quantité de pesticide par cycle de culture de manioc_____________ l/kg 
Si oui, donnez le prix du l/kg de pesticide utilisé_________________ FCFA 
3.40. Quel type de main d’œuvre aviez-vous utilisé pour les travaux de votre parcelle ? 
1. Familiale 2. Temporaire 3. Permanent
4. Autre (précisez) ____________
3.41. Quelle est la production de votre champ ?
1. Sacs_____________ 2. Bâchées _____________
Combien pèse un sac_____________ kg    Quelle quantité prend la bâchée_________ 
tonnes
Prix du sac ______________ FCFA Prix d’une bâchée _____________ FCFA 
3.42. Quelles sont les contraintes du système GIFS ? 
1. Nécessité de main d’œuvre 2. Accès difficiles aux intrants
3. Pénibilité de mise en œuvre   4. Autre (préciser) ______________
3.43. Quelles sont vos propositions pour améliorer le système GIFS ? 
1. __________________________________________
2. __________________________________________
3. __________________________________________
3.44. Quel système de production comptez-vous utiliser l’année prochaine ? 
1. Système GIFS 2. Système GIFS plus 3. Système traditionnel
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3.45. Quelles sont les raisons de votre choix ? 
1.       Améliore les rendements     2.      Nécessite moins d’efforts 
3.       Réduit la pression parasitaire    4.      Autre (préciser) _________ 
3.46. Enregistrement du temps des travaux et dépenses effectuées sur une parcelle 
 
N° Opérations Quantité de main 
d’œuvre 
Durée heure de 
travail 
Cycle 
d’opération 
Dépense en main 
d’œuvre 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
Total heures de travail : Total dépense : 
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Soil profiles in the study area 
 
 
Figure A.2.1 Soil profile on a toposequence transect for Achokoi in Bingerville; scale: 1/7500 
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Figure A.2.2 Soil profile on a toposequence transect for Anan in Bingerville; scale: 1/7500 
Sideralic, Dystric Arenosol 
(Colluvic, Ochric) 
Sideralic,Dystric Arenosol 
(Ochric) 
Sideralic, Dystric Arenosol 
(Ochric) 
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Figure A.2.3 Soil profile on a toposequence transect for Opoyou in Dabou; scale: 1/7500 
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Figure A.2.4 Soil profile on a toposequence transect for Lopou in Dabou; scale: 1/7500 
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